


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AM-1435 D OATEL

FUNCTIONAL SPECIFICATIONS PHYSICAL/ENVIRONMENTAL
(Typical at +25°C and +15V supplies, unless otherwise noted.)

PARAMETERS MIN. TYP. MAX. | UNITS
INPUT MIN. TYP. MAX. | UNITS
Operating Temp. Range, Case
Differential Between Inputs —_ - +4 Volts AM-1435MC 0 - +70 °C
Common Mode Voltage Range @ +7 +8.5 _ Volts AM-1435MM, MM-QL -55 - +125 °C
Common Mode Rejection Ratio Storage Temp. Range 65 = +150 °C
1MHz — 70 — dB Package Type 14-pin, metal-sealed, ceramic DIP
DC 80 100 — dB
Input Impedance
Common Mode - 112 — | MQIupF TECHNICAL NOTES
Differential Mode — 25012 — kQ Il pF
|npt||t Bias Current — +20 40 uAp 1. The use of good high-frequency circuit board layout
Input Offset Current —_ +0.3 — 7y techniques is required for rated performance. The
Input Offset Voltage @ - 12 5 mv extensive use of a ground plane for all common
connections is recommended. Lead lengths should be
PERFORMANCE kept to a minimum with point-to-point connections wired
directly to the amplifier pins. 1pF tantalum bypass
DC Open Loop Gain @ 90 100 — dB H p
Input':)eﬁset vﬁmge Drift - 5 +95 WIrC capacitors should be used at the +15V supply pins.
Input Bias Current Drift - B0 | £100 | nA"C 2. Operation of the AM-1435MM and MM-QL over the +85 to
::m‘?:::‘ c"";’i::‘ Drift - £ - nAPC +125°C temperature range requires additional thermal
0.01Hz tongHz _ 15 _ Wpp dissipation to achieve rated performance. Use of an
TOOHZ to 10kHz — 16 — vrms 18°C/W heat sink is recommended.
In1?::%:|c’rr1e’::‘:loise ® - 52 - uvrms 3. No input protection is provided so as to maximize
801Hz 10 10Hz _ 25 _ nAp-p frequency response. As a result, several precautions must
100Hz to 10kHz — 25 _ nArms be observed. Do not apply the positive supply voltage
10Hz to 1MHz — 35 — nArms before the negative supply. Do not apply signals to either
Power Supply Rejection Ratio - 10.15 — mvv input prior to power-up. If frequency response is not
critical, installation of an external input-protection circuit is
DYNAMIC CHARACTERISTICS recommended.
Gain Bandwidth Product 700 1000 - MHz 4. A 1puF bypass capacitor (C4) connected from OPTIONAL
Unity Gain Bandwidth - 150 — MHz BYPASS CAPACITOR (pin 1) to COMMON (pin 14) may be
Full Power Frequency ® 8 10 - MHz required to inhibit output oscillation when driving capacitive
Settling Time loads.
10V t0 0.025% ©® — 60 75 ns . . o
10V t0 £0.01% ® — 70 — ns 5. To ensure stable operation when the noise gain is less than
5V t0£1.0% — 25 — ns 10, a 2pF compensation capacitor (C1) must be connected
5V t0 +0.1% - 40 60 ns between pins 3 and 7. The value of the compensation
Wt0£1.0% - 10 = ns capacitor may be application sensitive.
1Vto +0.1% - 20 — ns
Slew Rate ® £250 1300 — Vius 6. The AM-1435 is a prime choice as a current-to-voltage
Overshoot - 1 - % converter due to its excellent Eos and los temperature
Propagation Delay - 5 - ns coefficient ratings. Input bias currents are easily
g‘seg:‘::w S'ep)ﬂ - 40 - ns compensated by adding a resistor from pin 8 to ground,
verload Hecovery Time - 50 - ns which is equal to the parallel combination of the feedback
OUTPUT resistor and input impedance.
Output Voltage ® +5 +7 — Volts
Output Current ® +10 +14 - mA
Stable Capacitative Load @ - 1000 - pF
POWER REQUIREMENTS
Rated Supply Voltages 412 415 16 Volis ABSOLUTE MAXIMUM RATINGS, ALL MODELS
Quiescent Current —_ 22 +30 mA Positive Supply, Pin 4 8V
. Negative Supply, Pin 12 -18V
Footnotes: Lead Temperature (soldering, 10s) 300°C
@ Specified for dc linear operation. Common mode voltage range prior to fault

condition is +10V maximum.
@ Adjustable to zero.
® R =500Q.
@ Referred to input.
® C1=0.5pF
® C1=1pF.
@ C1 = 3pF, noise gain >2.
Requires 18°C/W heat sink above +85°C.

7-4 DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 ¢ Forimmediate assistance 800-233-2765
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+15V
o
R4
AV
1kQ

OFFSET
ADJUST

<
2pF Y

—— I—s— (OPT))
R1 C1
INPUT o—AAAN -
1hQ 7

¢——0 OUTPUT

-15V

Figure 2. Typical Connection Diagram

TYPICAL CONNECTION AND COMPENSATION )
The typical connection diagram (above) shows the AM-1435 in The offset adjust potentiometer R3 and the compensation

a unity-gain inverting configuration. When used in any capacitor C4 are optional. Note, however, that C4 should be
conventional operational-amplifier configuration, the AM-1435 implemented when driving capacitive loads to prevent
(as a non-inverting amplifier) requires a noise gain of at least oscillation of the output stage.

two (noise gain =1 + R4/R1). Operation of the AM-1435 at low impedances requires careful

The 2pF compensation capacitor, C1, at pin 3 is required for attention to include the feedback resistor as a part of the total
stable operation when the noise gain is less than 10. output load.
Compensation for bias current is provided by R2 and its value
is determined by the formula: 7
(R1) x (R4)
" R1+R4
120 120
@ 100 4 [ g @ 100 GAIN 180° g
é 80 | GAIN 40 @ 2 80 40m @
o] z 3 z
& e o O g e 000 ©
g mn £ n
5 g 3 F
% “ PHASE ANGLE b 3 f>j © b 3
g 20 140° \@ g 20 4 20 @
w w
0 180°
% % ‘ PHASE ANGLE ”
20 +—— A+ -20 IR O S SR SR R .
100 200 500 1k 10k 100k ™ oM 100M 100 zdo 560 1k T |(')k ' 1&)« ™ ' |0'M ) 100M
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 3. Gain and Phase vs. Frequency Figure 4. Gain and Phase vs. Frequency
(Uncompensated) (Compensated 2pF)
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AM-1435

CMRR (dB)

8 8 8 838 3 8 8

D OATEL

PERFORMANCE CHARTS

1k 2k 5k 10k 100k ™ 10M 100M
FREQUENCY (Hz)

Figure 5. CMRR vs. Frequency

PSRR (dB)
3

40

10 20 50 100

1k 10k

FREQUENCY (Hz)

100k ™

Figure 6. PSRR vs. Frequency

MECHANICAL DIMENSIONS
INCHES (mm)

f

_.I - 0.100 TYP.

(2.540)

0.600 £0.005
0.195 MAX. (15.240) — ™
(4.953)

. oo

mL

T 1

0.160 MAX.
0.018 £0.002
(0.457)

rarrrrmarrarr
LdLIJLILaLdLd
8 | 0.500 MAX.
7 (12.70)
"
(I

0.200 MAX.

h

SEATING
PLANE

(4.064) L }
0100 __,
(2.540) = 0.025:0.010

(0.635)

14-PIN DIP

Dimension Tolerances (unless otherwise indicated):

2 place decimal (.XX) +0.010 (+0.254)
3 place decimal (.XXX) +0.005 (+0.127)

Lead Material: Kovar alloy

Lead Finish: 50 microinches (minimum) gold plating
over 100 microinches (nominal) nickel plating

0.010 £0.002
(0.254) —l—

0.100
(2.540)

0.300 £0.010
(7.620)

ORDERING INFORMATION

OPERATING
MODEL TEMP. RANGE
AM-1435MC 010 +70°C
AM-1435MM -55t0 +125°C
AM-1435MM-QL -55t0 +125°C
i i

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 « Forimmediate assistance 800-233-2765



D OATEL

INNOVATION and EXCELLENCE

FEATURES

200 nanosecond settling to £0.01%
+1000V/usec slew rate

100MHz minimum gain bandwidth product
106 open loop gain

+1pV/°C offset drift

+50mA output current

GENERAL DESCRIPTION

The AM-500 Series amplifiers are fast-settling operational
amplifiers for use in inverting applications. A unique

feedforward amplifier design combines the characteristics of a

AM-500
High-Speed, Wideband
Operational Amplifier

low-drift dc amplifier with those of a very fast ac amplifier. For

optimum fast-settling performance, this amplifier has an open
loop gain roll-off of 6dB per octave to beyond 100MHz.

Output settling time is 200 nanoseconds maximum to +0.01%

for a 10V step change. Slew rate is 1000V/microsecond for

positive output transitions and 1800V/microsecond for negative

transitions. This high slew rate permits undistorted
reproduction of a full-load, 20V peak-to-peak sinewave out to
16MHz. Gain bandwidth product is 100MHz minimum.

AM-500 Series dc characteristics include a dc open loop gain
of 106, 30 megohm input impedance, and +1 nanoampere
bias current. Input offset voltage is +0.5mV, and input offset
voltage drift is 1 microvolt/°C. Although these amplifiers do
not operate differentially, a dc offset voltage in the range of
+5V can be applied to the positive input terminal.

Power supply requirements are +15V at 22mA quiescent
current. The amplifiers will operate over a supply range of
+10 to +18V. Output current capability is +50mA with output
short-circuit protection. Four versions are available: AM-
500GC and AM-500MC for 0 to +70°C operation; AM-500MM
for 55 to +125°C operation; and AM-500MM-QL for high-
reliability operation over the military temperature range.

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION
1 N.C.
2 N.C.
3 N.C.
4 —INPUT
5 +INPUT
6 —15V SUPPLY
7 N.C.
8 COMMON
9 DO NOT CONNECT
10 OUTPUT
11 +15V SUPPLY
12 N.C.
13 N.C.
14 N.C.
NOTE: Do not connect pin 9 to
ground or any other pin.

-15V
N.C. NC. NC. -IN +IN  SUPPLY N.C.
1 2 3 4 5 6 7
14 13 12 11 10 9 8
NC. NC. NC. +15V OUT DN.C. COM.
SUPPLY

Figure 1. AM-500

Functional Block Diagram

Amplifiers



AM-500 Series

ABSOLUTE MAXIMUM RATINGS

PHYSICAL/ENVIRONMENTAL

PARAMETERS MIN. TYP. MAX. | UNITS PARAMETERS MIN. TYP. MAX. | UNITS
+15V Supply (Pin 11) —_ +18 -_ Volts Operating Temp. Range, Case
-15V Supply (Pin 6) - -18 - Volts AM-500GC, MC 0 - +70 °C
Analog Inputs (Pins 4, 5) — +18 — Volts AM-500MM, MM-QL -55 — +125 °C
Lead Temperature - 300 - °C Storage Temp. Range -65 — +150 °C
(soldering, 10 seconds) Thermal Impedance
Short Circuit to Ground Continuous 6uc - 48 - °CW
Oca - 57 — °CW
Package Type 14-pin ceramic DIP
FUNCTIONAL SPEClFICATIONS . Weight 0.09 ounces (2.5 grams)
(Typical at +25°C and +15V supplies, unless otherwise noted.)
INPUT MIN. | TYP. | MAX. | UNITS TECHNICAL NOTES
Insg:t;:;n;?‘;yg)de _ _ 45 Volts 1. Figure 2 shows the connection of the AM-500 Series for fast
Differential Input Impedance 1 30 — | megohms settling operation with a closed loop gain of —1. It can be
Input Bias Current — +1 44 nA used for fast settling at closed loop gains up to —10. The
Input Offset Current — 0.5 18 nA equivalent resistance seen by the summing junction should
Input OffsetVoltage - £0.5 3 mv be 500Q2 or less. For gains greater than -1, use an input
resistor of 500Q2 and pick a feedback resistor for the
PERFORMANCE required closed loop gain (1kQ for —2, 1.5kQ for -3, etc.).
i 5 6 —
ﬂ‘;ﬁp&?stmﬁ?:mﬂ 10 10 W 2. Use a small feedback capacitor across the feedback
010 470°C _ +1 5 WVIRC resistor. Determine C in nanofarads using the following
55 10 +125°C - 5 10 vC formula: 1 +1GI
Input Bias Current Drift =
5510470°C - 20 — PAPC 0.816Rf
+7010+125°C Doubles every 10°C where G is closed loop gain and Rf is in kQ.
InputVoltage Noise @
0.01Hz to 1Hz — 5 25 HVp-p 3. Summing point leads must be kept as short as possible. Input
100Hz to 10kHz - 1 5 HVrms and feedback resistors should be soldered close to the body of
Pc:u‘;‘:rtgu:g:)ﬁlyaeiec Jion Ratio - 2 100 | uvrms the amplifier directly to the summing point (pin 4). Summing
(-55 10 +125°C) 60 B _ " point capacitance to ground must be kept very low.
DYNAMIC CHARACTERISTICS 4. Low output impedanqe power §upplies should pfa used with
1uF tantalum bypassing capacitors at the amplifier supply
Gain Bandwidth Product 100 130 - MHz terminals. Thg amplifier has internal 0.03pF ceramic
Slew Rate (positive going) 800 1000 - Vips bypass capacitors.
Slew Rate (negative going) 800 1800 — Vips
Full Power Bandwidth (20Vp-p) — 16 — MHz 5. Although these amplifiers are designed for inverting mode
Settling Time (+10V step) ® only, a dc voltage in the range of +5V may be applied to the
To +0.01% (+25°C) - - 200 ns positive input terminal to offset the amplifier.
To £0.01% (-55 to +125°C) — - 600 ns
To £0.1% (~55 to +125°C) - 100 300 ns 6. For interrupted power applications, apply power to the
To +1.0% (-55 to +125°C) — 70 200 ns -~ ! f ;
Overload Recovery Time — 10 0 s AM-500 three (3) seconds before operating the device.
OUTPUT T +15V SUPPLY
Output Voltage 10 - - Volts .
Output Current (S.C. protected) +25 +50 - mA KEEP THESE |
Stable Capacitive Load - 100 — pF EEP THI
Output Impedance - 2 - Q rerossmE | 1
POWER REQUIREMENTS \ RrEEDBACK e
Voltage (rated performance) — %15 — Volts INPUT
Voltage (operating) +10 - £18 Volts
Quiescent Current - 22 +37 mA O OUTPUT
Footnotes:
@ dc only 1uF TANTALUM
+
@ -30B single-pole bandwidth oer BE
® 1k input and feedback resistors, 2.4pF feedback capacitor (10mV)
500Q
-15V
15V SUPPLY

Figure 2. Connection for Fast Settling with Gain of -1
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AM-500 Serie

100nA
i
[ /
i
3 1mA
[}
<
5 L —20pAPC | INATYP. @
e N\/ +25°C
2 DOUBLES
[T EVERY 10°C -]
~ I
+CURRENT \ —~CURRENT
100pA I
-50 -25 0 +25 +50 +75 +100 +125

TEMPERATURE (°C)

Figure 3. Input Bias Current vs. Temperature

MECHANICAL DIMENSIONS

IN

CHES (mm)

0.805 MAX.
“_ (20.45) 4’}

Wi\

14-PIN DIP

Dimension Tolerances (unless otherwise indicated):
CiL30303030303 T 2 place decimal (.XX) £0.010 (£0.254)
4 8 | 0500 MAX. 3 place decimal (.XXX) £0.005 (+0.127)
! 7 (1270) Lead Material: Kovar alloy
mram
jJ Liid [F Ll l Lead Finish: 50 microinches (minimum) gold plating
over 100 microinches (nominal) nickel plating
A>| - 0.100 TYP.
(2.540)
0.600 £0.005
0.195 MAX. (15.240)
(4. 953)
0.200 MAX.
(5.080)

0.010 20,002
(0.254) —jre—
wos) SEATING 0100
0.100 PLANE o
(2.540) = 002510010
(0.635)
0,018 10,002 ] 03000010
(0.457) (7.620)

ORDERING INFORMATION

MODEL

AM-500GC
AM-500MC
AM-500MM
AM-500MM-QL

OPERATING
TEMP. RANGE
0to +70°C
0to+70°C
-55t0 +125°C
-55t0 +125°C

Amplifiers
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D OATEL AM-551

INNOVATION and EXCELLENCE High-Speed, Programmable-Gain
Instrumentation Amplifiers

FEATURES

1 to 50 gain range

+0.01% maximum nonlinearity
3us settling time

100dB CMRR

600kHz small signal bandwidth

[ ]
L]
L]
L]
L[]
o Resistor and pin programmable

GENERAL DESCRIPTION INPUT/OUTPUT CONNECTIONS
DATEL’s AM-551 is a high-performance, programmable-gain

instrumentation amplifier manufactured with hybrid thin-film PIN FUNCTION

technology. Gain is adjustable over a range of 1 to 50 with a 1 INPUT OFFSET ADJUST
single external resistor and a simple user-selectable pin- 2 Ra (Gain Resistor)

strapping option. Maximum gain nonlinearity is +0.01%. 3 +I?\IPUT

The AM-551 dynamic characteristics include a settling time of 4 Ra (Gain Resistor)

3us for a 20V step to +0.01% accuracy. Slew rate is +23V/ps, 5 —-INPUT

and small signal bandwidth is 600kHz. Other specifications 6 —15V SUPPLY

include a CMRR of 100dB, a 1012Q input impedance and a 7 SIGNAL COMMON

minimum oc>utput voltage swing of +11V. Maximum offset drift 8 OUTPUT OFFSET ADJ. WIPER
is +15pV/°C. 9 OUTPUT OFFSET ADJUST
The AM-551 is a functionally complete device containing a 10 OUTPUT OFFSET ADJUST
high-impedance variable-gain voltage follower input stage 1 OUTPUT

followed by a differential output stage with user-selectable 12 OUTPUT GAIN SELECT

gains of 1 or 10. High-accuracy, ultra-low-drift, thin-film 13 GUARD

technology is used for all interconnected resistor networks. 14 +15V SUPPLY

The combination of accuracy, speed and rugged hybrid 15 INPUT OFFSET ADJUST
construction make the AM-551' an ideal choice for applications 6 INPUT OFFSET ADJ. WIPER
involving the amplification of low-level signals produced by

thermocouples, strain gages and RTD’s, high-performance Power requirements are +15V, and all devices are cased in
data acquisition systems and instrumentation systems. miniature, 16-pin ceramic DIP's. Models are available for

commercial (0 to +70°C) or military (-55 to +125°C) operating
temperature ranges.

INPUT OFFSET ADJUST

+15V SUPPLY —15V SUPPLY
71 16 15 14 6
12 OUTPUT GAIN SELECT
—INPUT 5 =
11 OUTPUT
+
Re 4 VN
GUARD 13 % 10
8 OUTPUT OFFSET ADJUST
Ra 2 AV
9
A NV 7 SIGNAL COMMON
+INPUT 3 +

Figure 1. AM-551 Functional Block Diagram

7-10 DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 ¢ For immediate assistance 800-233-2765



AM-551

ABSOLUTE MAXIMUM RATINGS PHYSICAL/ENVIRONMENTAL
PARAMETERS MIN. TYP. MAX. | UNITS PARAMETERS MIN. TYP. MAX. | UNITS
+15V Supply (Pin 14) — +18 — Volts Operating Temp. Range, Case
-15V Supply (Pin 6) - -18 - Volts AM-551MC 0 — +70 °C
Input Voltage Range — +18 — Volts AM-551MM -55 — +125 °C
Differential Input Voltage Range — +30 - Volts Storage Temp. Range 65 — +150 °C
Lead Temperature — 300 - °C Package Type 16-pin ceramic DIP
(soldering, 10 seconds)
Output Short Circuit Continuous
TECHNICAL NOTES
FU_NCTIONAL SPECIFICATIONS ) 1. A 100k trimpot may be used for both input and output
(Typical at +25°C and 15V supplies, unless otherwise noted.) offset adjusts. The trimpot is connected across the INPUT
OFFSET ADJUST pins (pins 1, 15) and the wiper is
INPUT MIN. TYP. MAX. UNITS connected to pin 16.
ﬁ;ﬂn&%‘:ﬂ‘mge Range i - - Vots For output offset adjust, the trimpot is connected across
(differential or common mode) _ 1012 — Q th.e OUTPUT OFFSET ADJUST pins (pins 10, 9) with the
Input Bias Current - — +100 pA wiper connected to pin 8.
Input Offset Current — — +20 pA
Input Offset Voltage (unadj.) © — — +1 mV x gain 2. For unity gain, Rg is left open and OUTPUT GAIN SELECT
- (pin 12) is tied to OUTPUT (pin 11). To avoid oscillation in
PERFORMANCE the unity-gain configuration, the connection between
Gain Range @ 1 1 — | s | w OhU'ItPUT GAI_lt\)Il SELECT and OUTPUT should be kept as
Gain Equation ® G = (1 + 20k/Rg) G2 short as possible.
Gain Accuracy 3 Gain selection is accomplished in two stages. The input
G=1 - —_ +0.04 % : . ! ?
G=10 _ _ w01 o stage gain (G1) is selected py an external gain resistor (Rg)
G=>10 _ _ 02 % connected across the Rg pins (pins 2, 4), and is expressed
Gain Nonlinearity - - +0.01 % as follows: Gr=1 20k
Gain Tempco ® - - +50 ppm/°C 1=1+ Ra
Offset Voltage Drift - — +15 uv/°c . . )
Input Bias Current Drift Doubles every 10°C The oqtput stage gain (Ggz) is selected by external pin-
Input Voltage Noise (dc to 100Hz) — 20 — WARRZ strapping. For G2 = 1,.connect OUTPUT GAIN SELECT
Power Supply Rejection Ratio 70 82 — B (pin 12) to OUTPUT (pin 11). For G2 = 10, connect OUTPUT
Common Mode Reject. Ratio ® GAIN SELECT (pin 12) to SIGNAL COMMON (pin 7).
1kHz — 70 — dB
100Hz - 90 - dB The total gain of the amplifier is as follows:
DC - 100 - ] 20k
Slew Rate £9 +23 — Vius Gt=Gi1xGz= (1 + ———) Gz
Small Signal Bandwidth (-3dB) Ra
G=1 - 600 - kHz 4. Both power supplies should be bypassed to ground with
G=10 - 600 - kHz 0.1pF ceramic capacitors
G=50 - 200 - kHz : i
Settling Time (20V to +0.01%)
G=1 — 3 — s
G=10 — 4 — us
G=50 — 1 — us
0.1uF
OUTPUT
Output Voltage Range ® +11 — — Volts
Output Current 5 — — mA (9 INPUT O———
Output Impedance @ — 05 — Q 5
Output Offset Voltage (unadj.) ® —_ - *1 mV x gain #)INPUT ©
3
POWER REQUIREMENTS
Rated Power Supply Voltages — +15 — Volts
Power Supply Range 15 — +18 Volts
Supply Current - - +27 mA 5
Footnotes: " %
® Adjustable to zero. 4

® To 0.01% accuracy. Higher gains are achievable, but performance will degrade.
® See Technical Note 3.

@ Tempco of Rg = +0ppm/°C. For Rg = o, gain tempco = +5ppm/°C. DRIVE * SEE TECHNICAL NOTES 2 AND 3.
® 1k€ source imbalance.
® RL=2kQ.

@ At 1kHz, for all gain ranges. Figure 2. Typical Connections

Amplifiers  7-11



GUARD DRIVE CONNECTION
A GUARD (pin 13) is provided to improve ac common mode i :
En

)

rejection by compensating for unbalanced capacitance due to
long input leads. Use of the guard function is recommended
whenever input leads are longer than a few inches. In cases

in which the input leads are very long or when system +
bandwidth is very high, the addition of a buffer amplifier is \&t‘ 3 18 GUARD

AM-551

recommended. The diagram to the right shows a typical
guard drive connection to the AM-551 using DATEL’s AM-460.

AM-460
MECHANICAL DIMENSIONS
INCHES (mm)
" 0.800 +0.008
(20.32 +£0.20)
16 9
DATEL 0.310£0.010
> AM-551 (7.87 +0.25)
°
\ T O T T T
1 8
PIN 1
IDENTIFIER
0.035 +0.010
¢ (0.89 £0.25)
R 1
0.010 +0.002
0.170 MIN. —
0.135 +0.015 (4.32MIN.) (0.25 +0.05)
(3.43 £0.38)
0.018 +0.002 A’l L 0.100 TYP. » ‘ L_ 0.300 ’l
(0.46 +0.05) (2.54) (7.62)

ORDERING INFORMATION

OPERATING
MODEL TEMP. RANGE
AM-551MC 0to +70°C
AM-551MM —55t0 +125°C

7-12 DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 * For immediate assistance 800-233-2765



D OATEL

INNOVATION and EXCELLENCE

Complete Data Acquisition Systems

Table of Contents

Selection GUIdE ... 8-1
HDAS-16/8 12-Bit, 50kHz, Complete Data Acquisition Systems............cccccccerireneennee. 8-3
HDAS-524/528 12-Bit, 400kHz, Complete Data Acquisition Systems.........ccccceeeeereennen. 8-10
HDAS-75/76 12-Bit, 75kHz, Complete Data Acquisition Systems.........ccccceceveeieenennne 8-15

Selection Guide

Differential Integral Total Maximum
Throughput | Linearity Linearity Harmonic Power Power
Resolution Input Rate, Min. | Error, Max. | Error, Max. | Distortion Supplies | Dissipation
Model @ (Bits) Channels (kHz) (LSB) (LSB) (-dB) (Volts) (Watts) Page
HDAS-16 12 16SE 50 +1 +1 - 45, +15 1.25 8-3
HDAS-8 12 8D 50 +1 +1 - +5,+15 1.25 83
HDAS-75 12 8SE 75 +1 +1 73 +5, +15 0.7 815
HDAS-76 12 4D 75 +1 +1 73 45, £15 07 815
HDAS-528 12 8SE 400 +0.75 +0.75 73 +5,+15 3
HDAS-524 12 4D 400 +0.75 +0.75 73 +5, 15 3

Listed specifications are typical at Ta = +25°C, with nominal supplies, unless otherwise indicated.
@ MIL-STD-883 models available for all listed products except HDAS-524.



For literature or technical assistance

800-233-2765

or contact your local DATEL Sales Office or Representative



D OATEL HDAS-16, HDAS-8

INNOVATION and EXCELLENCE 12-Bit, 50kHz, COmp|ete
Data Acquisition Systems

FEATURES

e Miniature 62-pin cermanic package

* 12-Bit resolution, 50kHz throughput

o Full-scale input range from 50mV to 10V
o Three-state outputs

* 16 S.E. or 8 differential input channels

o Auto-sequencing channel addressing

o MIL-STD-883 versions

¢ No missing codes

GENERAL DESCRIPTION

Using thin and thick-film hybrid technology, DATEL offers
complete low-cost data acquisition systems with superior
performance and reliability.

The HDAS-8 (with 8 differential input channels) and the HDAS-
16 (with 16 single-ended input channels) are complete, high-
performance, 12-bit data acquisition systems in 62-pin

Internal HDAS circuitry includes:

Analog input multiplexer (16 S.E. or 8 diff.)
Resistor-programmable instrumentation amplifier

packages. Each HDAS may be expanded up to 32 single- o Sample-and-hold circuit complete with MOS
ended or 16 differential channels by adding external hold capacitor
multiplexers. « 10 Volt buffered reference
Internal channel address sequencing is automatic after each e 12-bit A/D converter with three-state outputs and control
conversion, or the user may supply external channel logic
addresses.
S HHER
= %
= 2
uy 2 3 3383
2 2 9 9 o L £=2<
= I 3 ¢ O e w T a
) 22 z z & 5 2 © 3 <uw
5 :: 333 s:sf:f
2 22 €8 2 2 %5 T 3656
5 49 50 48 47 45 46 39 40 38 36 37
1 79 ¢ 9?9 9999
| J7 J7 [ 11
CHOHI/CHO 4 o— ] o 35 BIT1 7 (MSB)
CH1 HI/CH1 3 o—\—— —— THREE 34 BIT2
CH2 HI /CH2 2 o1 STATE O 33 BIT3 ';
CH3 HI /CH3 1 o1— m 32 B_|T4 a
CH4 HI/CH4 62 O /_ SH L 1o 31 EN(14) 5
CHSHI/CHS 61 0| —| 16 GHANNEL 28T | 30 BITs | £
CHEHI/CHG 60 o-—] SINGLE ENDED AD — THReE o 29 BT6 | 3§
CH7HI/CH7 59 o—‘:' & GHANNEL CONVERTER | —{ STATE o 28 BT7 [ wi
CHOLO/CH8 58 O— DIFFERENTIAL — 27 B_ITS I;(_ 8
CHILO/CHe 57 04— "~ suaioa T— 1o 26 ENG8 &
CH2LO/CH10 56 O~ \ULTIPLEXER (HOLD) — o 25 BTe ] W
CH3LO/CH11 55 01— —— THREE o 24 BIT10 %
CH4 LO/CH12 54 01— (START) —— STATE 23 BIT 11
CH5 LO/CH13 53 0—+— — o 22 BIT12 ] (LSB)
CH6 LO/CH14 52 o—+— T — 1o 21 EN@©12)
CH7 LO/CH15 51 01— 7 EOC
|
CONTROL MUX
LOGIC — ADDRESS
J L £ REGISTER —I ’—A‘:‘
R R é J;A> IR
12 11 10 9 ﬁ 8 19 6151413 20 41 4442 43 ‘If 17
- o ¢ @ [ [=] = g } 2 s > s > =
T €32 a ‘é’ 1§ PR ’ﬁ 8 E 8 E § 3
MUX E = 10} ox =3 a 1%
ADDRESS OUT @ ADDRESS IN e 22 2238
$ bg 20
< 1 E +

Figure 1. HDAS-16 and HDAS-8 Functional Block Diagram
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS MIN. TYP. MAX. | UNITS PERFORMANCE (cont.) MIN. TYP. MAX. | UNITS
+15V Supply (pin 43) 05 - A8 | Volts U":g;'fé z®e'° Error _ _ w1 | wesh
~15V Supply (pin 44) +0.5 — -18 Volts o . o
+5V Supply (pin 18) 05 - 7| Vols -5510 +125°C - - 03 | %FSR
Analog Inputs ® -35 - +35 Volts Bipolar Zero Error
Digital Inputs -0.5 —_ +7 Volts +25°C® - — 0.1 %FSR
Thermal Resistances: -55 10 +125°C — - +0.3 %FSR
é“a““i:"‘g,as‘: - - }g °8max Bipolar Offset Error
se-Ambien - - °C/Wal o 9
Junction-Ambient — — 30 °C/Watt #5C® . - - 0.1 °/° FSR
Lead Temp. (10 seconds) _ — 300 oC =55 10 +125°C - - 103 | %FSR
Gain Error
. +25°C @ - - +0.2 %
FUNCTIONAL SPECIFICATIONS -55 0 +125°C - - 0.3 %
(The following speciﬁcation§ apply over the operating temperature range and power DYNAMIC CHARACTERISTICS
supply range unless otherwise indicated.)
Acquisition Time, Gain = 1
ANALOG INPUTS MIN. TYP. MAX. | UNITS +25°C - 9 10 ps
Signal Range, Unipolar -5510+125°C - - 15 us
Gain =1 0 —_ 10 \olts Aperture Delay Time - - 500 ns
Gain = 200 _ — +50 mv Aperture Uncertainty - — 1 ns
Signal Range, Bipolar S Droop Rate - - 1 HVius
Gain = 1 -10 - +10 Volts Feedthrough - - 20.01 %
Gain = 200 50 - +50 my AD Conversion Time
Input Gain Equation ® Gain = 1 + (20kQ/RGAIN +25°C - 6 8 I8
Gain Equation Error — — +0.1 % -5510 +125°C - - 10 ps
Instrumentation Amplifier Throughput Rate
Input Impedance 108 1012 - Ohms +25°C 50 66 - kHz
Input Bias Current; 5510 +125°C 33 - — kHz
+25°C - - 250 pA DIGITAL INPUTS
. -55t0 +125°C Doubles every 10°C
Input Offset Current: . LOQI? Levels
125 _ ‘ _ 1 | A (Pli.ns 8 113—16, 19-21, 26, 31) 20 55 -
Muw—;z t: r+1 25°C Doubles every 10°C ng:z 0 " - o e
1piex "
Channel ON Resistance - - 2 kQ (Pli‘;;)c 1 40 _ 455 Volts
Channel OFF Input Leakage — +30 - PA Logic 0 0 _ 108 Volts
Channel OFF Qutput Leakage — +1 — nA Logic Loading
Channel ON Leakage — £100 - pA (Pins 5, 8, 13-16, 19-21,
Input Capacitance 26, 31)
HDAS-16, Channel ON — 100 - pF Logic 1 _ — £10 pA
HDAS-8, Channel ON - 50 - pF Logic 0 — - £10 pA
+25°C, Channel OFF - 5 - pF Multiplexer Address Set-up Time | 20 - - ns
Input Offset Voltage ENABLE to Data Valid Delay - 20 30 ns
Gain=1, +25"2C o ax) — ( m/-:: S 12 _— mV STROBE @ 40 _ _ ns
-55 to +125°C (max. +3ppm/°C x Gain) +20ppm/°
Gain = 200, +25°C — ] — [ s0 [ w OUTPUTS
-5510 +125°C (max.) (£3ppm/°C x Gain) +20ppm/°C Logic Levels (Output Data)
Common Mode Range +10 — — Volts Logic 1 +2.4 - - Volts
CMRR, Gain = 1, at 60Hz 70 82 - dB Logic 1 (pin 7) +2.5 - - Volts
Input Voltage Noise, Gain = 1 Logic 0 - - +04 Volts
(Referred to input) -_— 150 200 puvrms (Pins 9, 10, 11, and 12)
Channel Crosstalk — — -80 dB Logic 1 +2.5 — — Volts
PERFORMANCE 'Logic 0. —_ —_ +0.4 Volts
Resolution 12 — — Bits LOQIEOI;??I“Q _ _ 400 A
Integral Nonlinearity Logic 0 _ _ ¥ mA
010+70°C - - * Ls8 Internal Reference:
o "‘:i :;i:: f‘mmm - - #1 Ls8 Voltage, +25°C 1999 | +1000 | +10.01 | Volts
Drift - - 20 ppm/°C
8:5’ +70:25° ¢ - - # ::gg External Current - - 1 mA
No Mlstsoiu:g Codes Bver e op;ating tem;:rature range Output Data Coding Straight binary (unipolar) or offset binary (bipolar)

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 * For immediate assistance 800-233-2765




D DATEL HDAS-16, HDAS-8

FUNCTIONAL SPECIFICATIONS (Continued) INPUT/OUTPUT CONNECTIONS
POWER REQUIREMENTS MIN. TYP. MAX. | UNITS PIN NO. HDAS-16 HDAS-8
Power Supply Ranges 1 CH3IN CH3 HIGH IN
+15V Supply +14.5 +15.0 +15.5 Volts 2 CH2 IN CH2 HIGH IN
~15V Supply -145 -15.0 155 Volts 3 CH1IN CH1 HIGH IN
+5V Suppy +4.75 +5.0 45,25 Volts g 3:1?( |EINABLE CHOHIGH IN |
Power Supply Currents e RDELAY . |
+15V Supply — — +33 mA = .
7 EOC
-15V Supply — - -30 mA 8 STROBE N
+5V Suppy - - +15 mA 9 A8 MULTIPLEXER .
Power Dissipation - - 1.25 Watts 10 Ad ADDRESS N |
PHYSICAL/ENVIRONMENTAL 1 A2 ouT * ‘
i 12 Al . ;
Operating Temp. Range, Case . 13 RAS MULTIPLEXER . ‘
MC Models 0 — +70 C 14 RA4 ADDRESS .
MM/883 Models -55 - +125 °C 15 RA2 IN B
Storage Temperature Range -65 — +150 °C 16 RA1 B
Weight 1.4 ounces (39.7 grams) 17 DIGITAL COMMON *
Package Type 62-pin cermanic DIP 18 +5V SUPPLY *
. 19 LOAD *

Footnotes: 20 CLEAR .

® Analog inputs will withstand +35V with power on. If the power is off, the maximum 21 ENABLE (Bits 9-12) *
safe input (no damage) is +20V. 22 BIT 12 (LSB) *

@ The gain equation error is guaranteed before external trimming and applies at 23 BIT 11 *
gains less than 50. This error increases at gains over 50. 24 BIT 10 *

@ Adjustable to zero. 25 BIT9 ) *

@ STROBE pulse width must be less than EOC period to achieve maximum 26 ENABLE (Bits 5-8) :
throughput rate. 27 BIT8

28 BIT 7 *
29 BIT6 *
30 BIT5 *
31 ENABLE (Bits 1-4) *

TECHNICAL NOTES 32 BIT 4 *

1. Input channels are protected to 20 Volts beyond the power gi g:;g N
supplies. All digital output pins have one second short- 35 BIT 1 (MSB) «
circuit protection. 36 GAIN ADJUST N

2. To retain high system throughput rates while digitizing 37 OFFSET ADJUST ’
low-level signals, apply external high-gain amplifiers for 38 BIPOLAR INPUT X
each channel. DATELs AM-551 is suggested for such ig fo(',PF%E/F ""E%'E?\lgggu_r X
amplifier-per-channel applications. a ANALOG SIGNAL COMMON .

3. The HDAS devices have self-starting circuits for free- 42 ANALOG POWER COMMON *
running sequential operation. If, however, in a power-up 43 +15V SUPPLY
condition the supply voltage slew rate is less than 3V per 44 —15V SUPPLY *
microsecond, the free running state might not be initialized. 45 ANALOG SIGNAL COMMON *
Apply a negative pulse to the STROBE, to eliminate this 46 ANALOG SIGNAL COMMON *
condition. 47 RGAIN LOW *

. . . 48 RGAIN HIGH *

4. For unipolar operation, connect BIPOLAR INPUT (pin 38) to 49 AMP. IN HIGH ® *

S/H OUT (pin 39). For bipolar operation, connect BIPOLAR 50 AMP. IN LOW ® *
INPUT (pin 38) to +10V REFERENCE OUT (pin 40). 51 CH15 IN CH7 LOW IN

5. RDELAY may be a standard value 5% carbon composition 52 CH14IN CHE LOW IN

or film-type resistor. 53 CH13IN CH5 LOW IN
54 CH12 IN CH4 LOW IN

6. RGAIN must be very accurate with low temperature 55 CH11IN CH3LOW IN
coefficients. If necessary, fabricate the gain resistor from a 56 CH10 IN CH2LOW IN
precision metal-film type in series with a low value trim 57 CH9 IN CH1LOW IN
resistor or potentiometer. The total resistor temperature 58 CH8 IN CHO LOW IN
coefficient must be no greater than +10ppm/°C. 59 CH7 IN CH7 HIGH IN

60 CH6 IN CH6 HIGH IN

7. ANALOG SIGNAL COMMON, POWER COMMON ar!d 61 CH5 IN CH5 HIGH IN

DIGITAL COMMON are connected internally. For optimal 62 CH4 IN CH4 HIGH IN

performance, tie all ground pins (17, 41, 42, 45, 46) directly

to a large analog ground plane beneath the package. Same as HDAS-16

L s . ® Caution: Pins 49 and 50 do not have overvoltage protection;
8. For HDAS-16, tie pin 50 to a “signal source common’” if therefore, protected multiplexers, such as DATEL's MX-1606 and
possible. Otherwise tie pin 50 to pin 41 (ANA SIG COM). MX-808 are recommended. See the General Operation description.

Hybrid Data Acquisition Systems 8-5
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HDAS-16, HDAS-8

Table 1. Description of Pin Functions

D OATEL

Table 2. Calibration Table

LOGIC
FUNCTION STATE | DESCRIPTION UNIPOLAR RANGE ADJUST INPUT VOLTAGE
DIGITAL INPUTS 0to +5V ZERO +0.6mV
STROBE 110 0 | Initiates acquisition and conversion GAIN +4.9982V
of analog signal Oto +10V ZERO +1.2mV
LOAD 0 Random address mode initiated on GAIN +9.9963V
falli f STROBE
aling edge of STRO BIPOLAR RANGE
1 Sequential address mode
2.5V OFFSET —2.4994V
CLEAR 0 Allows next STROBE pulse to reset *
MULTIPLEXER ADDRESS to CHO GAIN +2.4982V
overriding LOAD COMMAND +5V OFFSET —4,9988V
MUX ENABLE 0 Disables internal multiplexer GAIN +4.9963V
1 Enables internal multiplexer +10V OFFSET —9.9976V
MUX ADDRESS IN Selects channel for random GAIN +9.9927V
address mode 8, 4, 2, 1
natural binary coding
DIGITAL OUTPUTS CALIBRATION PROCEDURES
EOC (STATUS) 0 | Conversion complete 1. Offset and gain adjustments are made by connecting two
] Conversion in process 20k trim potentiometers as shown in Figure 2.
ENABLE (1-4) 0 Enables three-state outputs bits 1-4 2. Connect a precision voltage source to pin 4 (CHO IN). If the
- . ol HDAS-8 is used, connect pin 58 (CHO LOW IN) to analog
— ! Disables three-state outputs l?'ts 14 ground. Ground pin 20 (CLEAR) and momentarily short pin
ENABLE (5-8) 0 Enables three-state outputs bits 5-8 8 (_STR'_OBE). Trigger the A/D by connecting pin 7 (EOC) to
1 Disables three-state outputs bits 5-8 pin 8 (STROBE). Select proper value for RGAIN and
ENABLE (9-12) 0 | Enables three-state outputs bits 9-12 RDELAY by referring to Table 3.
1 Disables three-state outputs bits 9-12 3. Adjust the precision voltage source to the value shown in
- Table 2 for the unipolar zero adjustment (ZERO + 1/2LSB)
MUX ADDRE f mull h / :
UX ADDRESS OUT rC;;tiZtuetroe n:uélp:e::t:;;d;?ry or the bipolar offset adjustment (-FS + 1/2LSB). Adjust the
coding offset trim potentiometer so that the output code flickers
equally between 0000 0000 0000 and 0000 0000 0001 .
QNALOG INPUTS D,ESCRIPTION 4. Change the output of the precision voltage source to the
HANNEL INPUTS Limit "°"a9‘; 10 +20V beyond value shown in Table 2 for the unipolar or bipolar gain
power supplies adjustment (+FS — 1 1/2LSB). Adjust the gain trim
BIPOLAR INPUT For unipolar operation, connect potentiometer so that the output flickers equally between
to pin 39 (S/H OUT). For bipolar 1111 1111 1110 and 1111 1111 1111.
operation, connect to in 40
(+10V OUT)
GAIN +15Vdc
AMP. IN LOW These pins are direct inputs to the ADJUST
AMP. IN HIGH instrumentation amplifier for external 36 20k
channel expansion beyond 16SE or
8D channels.
37 >< 20k
ANALOG OUTPUTS OFFSET
ADJUST —%_> -15Vdc
S/H OUT Sample/hold output
+10V REFERENCE OUT Buffered +10V reference output
ADJUSTMENT PINS Figure 2. External Adjustment
ANALOG SIGNAL COMMON | Low level analog signal return
GAIN ADJUSTMENT External gain adjustment. GENERAL OPERATION
See calibration instructions. The HDAS devices accept either 16 single-ended or 8
OFFSET ADJUSTMENT External offset adjustment. differential input signals. For single-ended circuits, the AMP IN
See calibration instructions. LOW (pin 50) input to the instrumentation amplifier must
RGAIN Optional gain selection point. Factory terminate at ANALOG SIGNAL COMMON (pin 41). For
adjusted for G = 1 when left open. differential circuits, both the HIGH and LOW signal inputs must
RDELAY Optional acquisition time adjustment terminate externally for each channel. Tie unused channels to
When connerted o +5V. Factory the ANALOG SIGNAL COMMON (pin 41). To obtain additional
adjusted for 9us. Must be connected channels, connect external multiplexers to the AMP IN HIGH
to +5V either directly or through a (pin 49) and AMP IN LOW (pin 50). Using this scheme, the
resistor. HDAS-16 can provide 32 single-ended expansion channels
while the HDAS-8 can provide up to 16 differential expansion
channels. DATEL’'s MX Series multiplexers are recommended.
E

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 * For immediate assistance 800-233-2765



The acquisition time is the amount of time the multiplexer,
instrumentation amplifier, and sample/hold require to settle
within a specified range of accuracy after STROBE (pin 8)
goes low. The acquisition time period can be observed by
measuring how long EOC is low after the falling edge of
STROBE (see Figure 4). For higher gains, increase the
acquisition time. Do this by connecting a resistor from
RDELAY (pin 6) to +5V (pin 18). An external resistor, RGAIN,
can be added to increase the gain value. The gain is equal to
1 without an RGAIN resistor. Table 3 refers to the appropriate
RDELAY and RGAIN resistors required for various gains.

The HDAS devices enter the hold mode and are ready for
conversion as soon as the one-shot (controlling acquisition
time) times out. An internal clock is gated ON, and a start-
convert pulse is sent to the 12-bit A/D converter, driving the
EOC output high.

The HDAS devices can be configured for either bipolar or
unipolar operation (see Table 2). The conversion is complete
within a maximum of 10 microseconds. The EOC now returns
low, the data is valid and sent to the three-state output buffers.
The sample/hold amplifier is now ready to acquire new data.
The next falling edge of the STROBE pulse repeats the
process for the next conversion.

MULTIPLEXER ADDRESSING

The HDAS devices can be configured in either random or
sequential addressing modes. Refer to Table 5 and the

subsequent descriptions. The number of channels sequentially

addressed can be truncated using the MUX ADDRESS OUT
(pins 9, 10, 11 and 12) and appropriate decoding circuitry for
the highest channel desired. The decoding circuit can drive
the CLEAR (pin 20) function low to reset the addressing to
channel 0.

Table 3. Input Range Parameters (Typical)

HDAS-16, HDAS-8

INPUT SYSTEM ACCURACY
RANGE © @ GAIN RGAIN (Q) RDELAY (Q) ® THROUGHPUT ® (% OF FSR)
+10V 1 OPEN 0 (SHORT) 66.6kHz +0.009
+5V 2 20.0k 0 (SHORT) 66.6kHz +0.009
+2.5V 4 6.667k 0 (SHORT) 66.6kHz +0.009
+1V 10 2.222k 0 (SHORT) 66.6kHz +0.009
+200mV 50 408.2 7k 40.0kHz +0.010
+100mV 100 202.0 21k 25.6kHz +0.011
+50mV 200 100.5 51k 14.5kHz +0.016
Notes ® The analog input range to the A/D converter is 0 to +10V for unipolar signals
RGAIN (Q) = 20,000 and £10V for bipolar signals.
(GAIN - 1) @ Full scale can be accommodated for analog signal ranges of +50mV to £10V.

RDELAY (Q) = [Total Acquisition Delay (ps) x 1000] ~ 9000

18).

® For gains between 1 and 10, RDELAY (pin 6) must be shorted to +5V (pin

@ Throughput period equals acquisition and settling delay, plus A/D conversion
period (10 microseconds maximum).

Table 4. Output Coding

Table 5. Mux Channel Addressing

UNIPOLAR STRAIGHT BINARY
INPUT 0to+10V | Oto+5V | MSB LSB
+FS—1LSB | +0.9976 | +4.9988 | 1111 1111 1111
+1/2FS +5.0000 | +25000 | 1000 0000 0000
+1LSB +0.0024 | +0.0012 | 0000 0000 0001
ZERO 0.0000 0.0000 | 0000 0000 0000
BIPOLAR OFFSET BINARY*

INPUT +10V +5V MSB LSB
+FS—1LSB | +9.9951 | +4.9976 | 1111 1111 1111
+1/2FS +5.0000 | +25000 | 1100 0000 0000
+1LSB +0.0049 | +0.0024 | 1000 0000 0001
ZERO 0.0000 0.0000 | 1000 0000 0000
-FS+1LSB | -9.9951 | —4.9976 | 0000 0000 0001
-Fs ~10.000 —5.0000 | 0000 0000 0000

* For 2's complement coding, add an inverter to the MSB line.

PIN
MUX ADDRESS ]
zz
5 13 | 14 | 15 |16 |82
MUX 3
ENABLE | RA8 | RA4 | RA2 | RA1
0 X
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 1 0 8
1 1 0 0 1 9
1 1 0 1 o | 10 HDAS-16
1 1 0 1 1 11 (4-BIT
1 1 1 0 o | 12 ADDRESS)
1 1 1 0 1 13
1 1 1 1 o | 14
1 1 1 1 1 15

Hybrid Data Acquisition Systems
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HDAS-16, HDAS-8

RANDOM ADDRESSING

Set pin 19 (LOAD) to logic 0. The next falling edge of STROBE
will load the MUX CHANNEL ADDRESS present on pin 13 to
pin 16. Digital address inputs must be stable 20ns before and
after falling edge of the STROBE pulse.

FREE RUNNING SEQUENTIAL ADDRESSING

Set pin 19 (LOAD) and pin 20 (CLEAR) to logic 1 or leave
open. Connect pin 7 (EOC) to pin 8 (STROBE). The falling
edge of EOC will increment channel address. This means that
when the EOC is low, the digital output data is valid for the
previous channel (CHn — 1) rather than the channel indicated
on MUX ADDRESS OUTPUT. The HDAS will continually scan
all channels.

Example:

CH4 has been addressed and a conversion takes place. The
EOC goes low. That channel’s (CH4’s) data becomes valid, but
MUX ADDRESS OUTPUT is now CH5.

TRIGGERED SEQUENTIAL ADDRESSING

Set pin 19 (LOAD) and pin 20 (CLEAR) to logic 1 or leave
open. Apply a falling edge trigger pulse to pin 8 (STROBE).
This negative transition causes the contents of the address
counter to be incremented by one, followed by an A/D
conversion in 9 microseconds.

INPUT VOLTAGE PROTECTION

As shown in Figure 3, the multiplexer has reversed biased
diodes which protect the input channels from being damaged
by overvoltage signals. The HDAS input channels are
protected up to 20V beyond the supplies and can be increased
by adding series resistors (Ri) to each channel. The input
resistor must limit the current flowing through the protection
diodes to 10mA.

The value of Ri for a specific voltage protection range (Vp) can
be calculated by the following formula:

Vp = (Rsignal + Ri + Ron) (10mA)
where Ron = 2k

NOTE: Increased input series resistance will increase
multiplexer settling time significantly.

Figure 3. Multiplexer Equivalent Circuit

—1 =—40nsec min.
STROBE I—l I—_—-I l-
RNAL
-
— —40nsec min. STROBE PULSE
9psec typ. Bpsec typ. CHO CH12
. -—r *| DATA VALID DATA VALID
EOC b
ACQUISITION ;CONVERSION | ACQUISITION; CONVERSION ACQUISITION | CONVERSION;
CHo CHO CH1 CH1 CH12 CH12
LOAD
} — ty  —-— l
—- il tyty >50nsec
CLEAR —
_l E
H
— l-&— t>20nsec min.
8. YOODOOOOHOOIDOAAN]
are: SOOI IKIPAKN
rz SOOKPOOOOPOIOAN]
mat. OO OHK OO
CH12 /
A8 SELECTED — ‘<—40nsec min.
M [
w° 11
Al —! 40nsec min.
CHO ADDRESSED CH1 ADDRESSED CH2 ADDRESSED CH12 ADDRESSED
MODE CLEAR SEQUENTIAL (EOC TIED TO STROBE) ’ RANDOM CODE
MAY CHANGE
OR DON'T CARE
Figure 4. HDAS Timing Diagram
S
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D NATEL HDAS-16, HDAS-8

Y SR
MECHANICAL DIMENSIONS INCHES (mm)
0.150
2325 (3.810)
(59.055) Dimension Tolerances (unless otherwise indicated):
2 place decimal (.XX) 0.010 (0.254)
1 21 3 place decimal (.XXX) £0.005 (£0.127)
e g e B e e o o o o g Lead Material: Kovar alloy
62 {[} EE Lead Finish: 50 microinches (minimum) gold plating
HH HH over 100 microinches (nominaf) nickel plating
m m
8%} i
h m
28} (853
m m
h L 1100 1.415MAX.
m h] (27.940)  (35.94)
m m
25} o
Y Y
il 53
m 1
w w
mrirrimreyelrelrraerri e el e1rlrlm
52LJ S [ U R ¥y B [ N [ [ N Ny W [y O O W Oy M W N 2
0.100 TYP. 0.150
0.235 MAX. (2.540) (3.810)
(569 20040008
‘ (50.800) 0.200 MAX.
(s 080)
0.190 MAX.
(4.826) 0.020 £0.002 0.040 0.150 1.100 20,008 0.150
(0.508) (1.016) (3.810) SEA“NG (27.940) 1 ™ @si0)
X ozs zo 010
(0.635)
ORDERING INFORMATION
MODEL NO. OPERATING TEMP. RANGE
HDAS-16MC 0to +70°C
HDAS-16MM —55 to +125°C
HDAS-16/883 —55 to +125°C
HDAS-8MC 0to +70°C
HDAS-8MM -55to +125°C
HDAS-8/883 —55to +125°C

Receptacles for PC board mounting can be ordered through AMP Inc.,
Part #3-331272-4 (Component Lead Spring Socket), 62 required.

Contact DATEL, Inc. for MIL-STD-883 product specifications.
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HDAS-524, HDAS-528 D DAI'EL

12-Bit, 400kHz, Complete INNOVATION and EXCELLENCE
Data Acquisition Systems

FEATURES

¢ 12-Bit resolution, 400kHz throughput

¢ 8 Channels single-ended or 4 channels differential
¢ Miniature, 40-pin, ceramic DDIP

¢ Full scale input range from 100mV to 10V

* Three-state outputs

* No missing codes

GENERAL DESCRIPTION
The HDAS-524 and HDAS-528 are complete data acquisition

/ e
! HDAS5S 4%‘gs’TION SYsTER

INPUT/OUTPUT CONNECTIONS

systems. Each contains an internal multiplexer, instrumenta- PIN | FUNCTION PIN | FUNCTION
tion amplifier, sample-hold, analog-to-digital converter and
three-state outputs. Packaged in miniature, 40-pin, double-dip 1 | CHO/CHOHI 40 | START CONVERT
packages, the HDAS-524/528 have a low power dissipation of 2 | CH1/CH1HI 39 | CA2
2.6 Watts. 3 | CH2/CH2HI 38 | CAt
The HDAS-524 provides 4 differential inputs, and the HDAS- 4 | CHI/CH3 HI 87 | CAO
528 provides 8 single-ended inputs. An internal instrumenta- 5 | CH7/CH3LO 36 | +5V SUPPLY
tion amplifier is characterized for gains of 1, 2, 4, 8, 10 and 6 | CH6/CH2LO 35 | DIGITAL GROUND
100. The gain range is selectable through a single external 7 | CH5/CH1LO 34 | ENABLE
resistor. 8 CH4/CHO LO 33 | BIT 1 (MSB)
9 | COMPBIN 32 | BIT2
HDAS-524/528 OPERATION 10 | RGAINLO 81 | BIT3
11 | RGAIN HI 30 | BIT4
The HDAS devices accept either 8 single-ended or 4 12 | s/HOUT 29 | BIT5
differential input signals. Tie unused channels to SIGNAL
GROUND, pin 14. Channel selection is accomplished using 12 ;:g\rfl :LE gigi':j%E out 23 2:13
the multiplexer address pins as shown in Table 1 Obtain 15 | GAIN ADJUST 2% | BITS
additional channels by connecting external multiplexers. 16 | OFFSET ADUUST 25 | BIT
The acquisition time is the amount of time the multiplexer, 17 | BIPOLAR 24 | BIT10
instrumentation amplifier and sample-hold require to settle 18 | -15V SUPPLY 23 | BIT11
within a specified range of accuracy. The acquisition time can 19 | ANALOG GROUND 22 | BIT12(LSB)
be measured by how long EOC is low before the rising edge 20 | +15V SUPPLY 21 | EoC
Continued on page 8-12

2
3

RGAIN HI
RGAIN LO
S/H OUT
BIPOLAR
OFFSET
ADJUST

°
N}
o
)
>

I [T
] | 33 BIT 1 (MSB)
CHO/CHOHI 1 |
- > 32 BIT2
CHICHIHI 2 - 5441 M =l
CH2/CH2 HI 3 |—| HDAS-524 ] | g; B:Ii
CHACHBHI 4
CH4/CHOLO 8 |—| (524) VA > > 29 BIT5
CHS/CH1LO 7 81 T 12-8T [ 3statE [*]| 28 BITG
cHelCH2LO 6 |— TPASSE | == AD s OUTPUT |27 BIT7
CH7/CH3LO 5 [—| 1 || 26 BIT8
- | 25 BIT9
] {24 BIT10
SIGNAL GROUND 14 g 23 BIT11
I 22 BIT12(LSB)
39 38 37 19 35 36 20 18 13 40 21 9 34
= Qo o Q > > > == 183 z w
8828 88273738 & B [ B
a a o A => a <
[V] 2 2 2 w "wZz = Z
g 5 2 2 o 4 e} 3 ]
3 B 3 ©
oy T

Figure 1. Functional Block Diagram

i
8-10 DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 ¢ Forimmediate assistance 800-233-2765



D OATEL

HDAS-524, HDAS-528

ABSOLUTE MAXIMUM RATINGS

PERFORMANCE MIN. TYP. MAX. | UNITS
PARAMETERS MIN. TYP. MAX. | UNITS Resolution 12 — — Bits
+15V Supply, Pin 20 0 _ +18 Volts Integral Nonlinearity, +25°C — — +0.75 LSB
: 0to +70°C - - +0.75 LSB
-15V Supply, Pin 18 0 - -18 Volts o
45V Supply, Pin 36 -05 - 7| Vot =3510 +125°C - - | S| LB
Digital | 't Pins 9. 34, 3740 _0' Voo 40 Vol Differential Nonlinearity, +25°C - — 10.75 LSB
igital Inputs, IPS , 34, .3 — +Voo +0.3 olts 010 +70°C _ _ +0.75 LSB
Analog Inputs, Pins 1-8 -15 - +15 Volts 55t +125°C _ _ + LSB
Lead Temperature (10 seconds) - - 300 c FS. Abs. Accuracy, +25°C - 013 | 03 | %FSR
0o +70°C — +0.15 +0.5 %FSR
-55to +125°C — 10.25 +0.78 %FSR
I;U'NCTlthONAI; erCIFICATIQ::i 5V and 45V " I Unipolar Zero Error, +25°C - +0.074 +0.15 %FSR
g : ﬁg n{r ic;\éesr egifci)s;r)a ing temperature range with +15V and +5V supplies unless Unipolar Zero Tempco _ +15 +30 ppmC
peciied. Bipolar Zero Error, +25°C — | 10074 | 1015 | %FSR
ANALOG INPUTS miN. | Tvr. | max. [ units Bipolar Zero Tempco - 15 £10 | ppmC
Number of Inputs Bipolar Offset Error, +25°C — +0.1 +0.25 %FSR
i — 2 4 °
HDAS-524 4 differential inputs Bipolar Offset Tempco £20 =40 | ppm/C
HDAS-528 8 single-ended i Gain Error, +25°C — 0.1 +0.25 %
- single-ended inputs Gain Tempco — +20 +40 ppm/°C
Input Voltage Ranges Harmonic Distortion (~FS)
Gain =1 010 +10V, 10V (DC to 5kHz, 10Vp-p) ® — -73 65 @B
| 23(';‘ = 130 0 ‘:’ ’;1 ?f)rgv; ;1108(;"\’ No Missing Codes Over operating temperature range
.A. Gain Ranges 12,4,8,10,
Input Impedance SIGNAL TIMING
CH On, CH Off 1011 1012 — Ohms Enable to Data Valid Delay — — 10 ns
Input Capacitance MUX Address Set-up Time 400 - — ns
(-524) CH On, CH Off — — 12 pF Start Convert Pulse Width 50 100 — ns
(-528) CH On, CH Off - - 25 pF Data Valid After
Input Bias Current - - +200 pA EQC Signal Goes Low - - 20 ns
Input Offset Current — — +50 pA Conversion Time, +25°C - — 800 ns
Input Offset Voltage —_ - +10 mv 010 +70°C — — 850 ns
Common Mode Voltage Range £11 — - Volts -551t0 +125°C - — 880 ns
CMRR, G =1, @10Hz, Throughput Rates ®
Vem = 1Vp-p 72 80 — dB Gain = 1 400 — — kHz
Voltage Noise (RMS) Gain =2 325 - — kHz
Gain =1 — — 200 v Gain=4 275 — — kHz
Gain=8 - - 50 uv Gain =8 225 - = kHz
MUX Crosstalk @125kHz -72 — — dB Gain=10 175 — — kHz
MUX ON Resistance - 450 500 Ohms Gain = 100 40 - — kHz
Bias Current Tempco Doubles (max.) every 10°C above +70°C S/H PERFORMANCE
Offset Current Tempco Doubles (max.) every 10°C above +70°C Acquisition Time
Offset Voltage Te +30ppm/°C x gain) +20ppm/°C (max.
set Tollage empco (:30ppm/Cx ga'");mppm (max.) Full-Scale Step to +0.01% - 500 900 ns
input Gain Equation GAIN=—= 41 Full-Scale Step to £0.1% - 400 750 ns
Aperture Delay -50 -20 0 ns
DIGITAL INPUTS Aperture Uncertainty — — +150 ps
Logic Levels Slew Rate +70 +90 — Vlips
Logic 1 +2.0 — — Volts Hold Mode Settling Time
Logic 0 — — +0.5 Volts To+x1mV — 100 200 ns
Logic Loading To +10mV - 75 150 ns
Logic 1 — — +5 uA Feedthrough Rejection 80 88 — dB
Logic 0 — — -600 HA Droop Rate © - +0.1 +100 pVips
OUTPUTS POWER SUPPLIES
Logic Levels Range, +15V Supply +14.25 +15.0 +15.75 Volts
Logic 1 +2.4 — — Volts 15V Supply -14.25 -15.0 -15.75 Volts
Logic 0 — — +0.4 Volts +5V Supply +4.75 +5.0 +5.25 Volts
Logic Loading Current, +15V Supply — +78 +90 mA
Logic 1 — - 160 HA -15V Supply — -72 -82 mA
Logic 0 - — +6.4 mA +5V Supply — +75 +95 mA
Internal Reference Power Dissipation - 26 3 Watts
Voltage, +25°C 199 | +100 | +101 | Voits Power Supply Rejection - - $0.05 | %FSR/%V
Drift — 5 £35 ppm/°C PHYSICAL/ENVIRONMENTAL
External Current = — 15 _ mA Oper. Temp. Range, Case, -MC, 0 - +70 C
Output Coding Straight binary/Offset binary MM, 883 55 _ +125 oG
Comp. binary/Comp. offset binary Storage Temp. Range 65 _ +150 oc
Footnotes: Package Type 40-pin ceramic DDIP
Weight 0.56 ounces (16 grams)

@ Specifications valid at +25°C and over the temperature ranges of 0 to +70°C
or-55to +125°C.
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HDAS-524, HDAS-528

P DATEL

HDAS-524/528 OPERATION (Continued)

of the START CONVERT pulse for continuous operation.
Higher gains require the use of the Rea resistor to increase
the acquisition time. The gain is equal to 1 without an Raain
resistor. Table 2 refers to the appropriate Raain resistors for
various throughputs.

The HDAS devices enter the hold mode and are ready for
conversion upon the start convert going high. The conversion
is complete within a maximum of 800ns (+25°C). EOC returns
low, the data is valid and sent to the three-state output buffers.
The sample/hold is now ready to acquire new data.

Table 1. MUX Channel Addressing

8-12

MUX ADDRESS PINS
39 38 37
CA2 CA1 CA0 CHANNEL

0

0

0

0 e .

1 0

1 1 HDAS-528

1 1 0 (3-BIT ADDRESS)

1 1 1 7

Table 2. Input Range Parameters
INPUT RANGE GAIN RGain THROUGHPUT
0to +10V 1 OPEN 400kHz
0 to +5V 2 2kQ 325kHz
0to +2.5V 4 665Q 275kHz
0to +1.25V 8 287Q 225kHz
Oto+1V 10 221Q 175kHz
0to +100mV 100 20Q 40kHz
+10V 1 OPEN 400kHz
+5V 2 2kQ 325kHz
+2.5V 4 665Q 275kHz
+1.25V 8 287Q 225kHz
+1V 10 221Q 175kHz
+100mV 100 20Q 40kHz
2kQ 2kQ
R = GAIN = 1
GAN = (GAIN —1) Roan
Table 3. Zero and Gain Adjust
ZERO ADJUST GAIN ADJUST
INPUT RANGE +1/2LSB +FS -1 1/2LSB
Oto+10V +1.22mV +9.9963V
+10V +2.44mV +9.9927V
CALIBRATION PROCEDURE

1. Connect the converter per Figure 2 and Tables 2 and 3 for
the appropriate input range. Apply a pulse of 100 nano-

seconds (typical) to the START CONVERT input (pin 40) at

a rate of 100kHz. This rate is chosen to reduce flicker if
LED’s are used on the outputs for calibration purposes.

2. Zero Adjustments

Apply a precision voltage reference source between the
analog input and SIGNAL GROUND (pin 14). Adjust the
output of the reference source per Table 3. For unipolar,
adjust the zero trimming potentiometer so that the output
code flickers equally between 0000 0000 0000 and 0000
0000 0001 with the COMP BIN (pin 9) tied high (straight
binary) or between 1111 1111 1111 and 1111 1111 1110
with the COMP BIN (pin 9) tied low (complementary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with COMP BIN (pin 9) tied high (offset binary)
or between 0111 1111 1111 and 0111 1111 1110 with
COMP BIN (pin 9) tied low (complementary offset binary).

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3. Adjust the gain trimming
potentiometer so that the output code flickers equally
between 1111 1111 1110 and 1111 1111 1111 or 0000
0000 0001 and 0000 0000 0000 for complementary coding.

4. To confirm proper operation of the device, vary the precision
reference voltage source to obtain the output coding listed
in Table 4.

+5V

i

4.7uF 0.1uF
DGND 35

kol

= 10
éRGAIN

13

+10V REF OT—_T_———

ATuF 0.1pF
I_ _ l—_ —5 HDAS-524/528
—15V
GAIN ADJUST

-15V +15V
OFFSET ADJUST
+15V

Raan M

11 Rea LO

-1 5V

o 1pF
aoND  ATHE R T 1o
%7 4.7uF J’+ 0.1uF
+15V O—T———I————zo
Figure 2. Typical Connection Diagram
Notes:

1. For unipolar operation, connect pin 12 to pin 17.

2. For bipolar operation, connect pin 13 to pin 17.

3. Position Rgain as close as possible to pins 10 and 11. Use
RN55C, 1% resistors.

4. If gain and offset adjusts are not used, connect pin 15 to ground
and leave pin 16 open.

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 * Forimmediate assistance 800-233-2765



D OATEL HDAS-524, HDAS-528

TECHNICAL NOTES

1. Rated performance requires using good high-frequency 3. Obtain straight binary/offset binary output coding by tying
circuit board layout techniques. The analog and digital COMP BIN (pin 9) to +5V or leaving it open. The device has
ground pins are not connected to each other internally. an internal pull-up resistor on this pin. To obtain
Avoid ground-related problems by connecting the analog, complementary binary or complementary offset binary
signal and digital grounds to one point, the ground plane output coding, tie pin 9 to ground. The COMP BIN signal is
beneath the converter. Due to the inductance and compatible to CMOS/TTL logic levels for those users
resistance of the power supply return paths, return the desiring logic control of this function.
analog and digital grounds separately to the power supplies.
This prevents contamination of the analog ground by noisy 4. To enable the three-state outputs, connect ENABLE (pin 34)
digital ground currents. to a logic "0" (low). To disable, connect pin 34 to a logic "1"

(high).
2. Double-level multiplexing allows expanding the multiplexer
channel capacity of the HDAS-528 from 8 single-ended
channels to 128 single-ended channels or the HDAS-524
from 4 differential channels to 32 differential channels.

[<— 100ns min.
START N-1 | N | l—
NVERT
CONVE 850ns
= ]
EOC 20ns min.
35ns max.
— |-«—— 35ns
OUTPUT . . .
DATA N—1 Valid N Valid
—— 1.8us ——»

N—1 Valid|[—
ENABLE Enabled data
30ns | _4 30ns —>| N Valid

30ns —»i |<— Disable N—1 Notes:
' 1. A START CONVERT pulse greater than
CA1 > f—ons typicai 150ns will slow the throughput.
2. Retriggering START CONVERT before
cao —»!  [«—0nstypical EOC goes low will not start a new
conversion.
3. Times shown apply over the 0 to +70°C
CHO ADDRESSED | CH1 ADDRESSED CH2 ADDRESSED operating temperature range.
Figure 3. HDAS-524/528 Timing Diagram
Table 4. Output Coding
RA BINAR OMP. BINAR
UNIPOLAR INPUT RANGE OUTPUT CODING INPUT RANGE BIPOLAR
SCALE 0 to +10V MSB LSB MSB LSB =10V SCALE
+FS - 1LSB +9.9976V 1111 1111 1111 0000 0000 0000 +9.9951V +FS - 1LSB
+7/8FS +8.7500V 1110 0000 0000 000t 1111 1111 +7.5000V +3/4FS
+3/4FS +7.5000V 1100 0000 0000 0011 1111 1111 +5.0000V +1/2FS
+1/2FS +5.0000V 1000 0000 0000 0111 1111 1111 0.0000V 0
+1/4FS +2.5000V 0100 0000 0000 1011 1111 1111 -5.0000V -1/2FS
+1/8FS +1.2500V 0010 0000 0000 1101 1111 1111 —-7.5000V —-3/4FS
+1LSB +0.0024V 0000 0000 0001 11111111 1110 -9.9951V -FS + 1LSB
0 0.0000V 0000 0000 0000 1111 1111 1111 —10.0000V -FS

OFFSET BINARY COMP. OFF. BINARY

Hybrid Data Acquisition Systems 8-13



HDAS-524, HDAS-528 D DNATEL

MECHNICAL DIMENSIONS
INCHES (mm)

2.12 MAX. 40-PIN DDIP
[‘— (53.85) — ™ o (unless othervise

2 place decimal (.XX) £0.010 (+0.254)
atulalsielulslatslutslotalatslafstolate © pacedecinel (1000 29,008 €020
40 21 Lead Material: Kovar alloy
Lead Finish: 50 microinches (minimum) gold plating
0.80 MAX. over 100 microinches (nominal) nickel plating
(20.32)

1 20
rArirmrirrrirIr eI e eI e
LibdLdtdidbdLdbdLdbdbdLdtpteatdLdbded iy

0100 TYP.
_’I L_ (2.540)

(48.260)
0.245 MAX.
(6.223) PIN 1INDEX
(A ONTOP) 0.200 MAX.
(5.080)

-

Lt

0.210 MAX.
(5.334)
0.018 £0.002
(0.457)

0.100
0.60020.010 (2.540)
0040 SEATING (15.240)
(10.160) 0.025
(0.635)
ORDERING INFORMATION
MODEL NO. INPUT OPERATING TEMP. RANGE
HDAS-524MC 4D Channels 0to +70°C
HDAS-524MM 4D Channels -55 to +125°C
HDAS-528MC 8SE Channels 0to +70°C
| HDAS-528MM 8SE Channels -55to +125°C
i HDAS-528/883 8SE Channels -55 to +125°C
I
| Receptacle for PC board mounting can be ordered through AMP Inc.,
! Part #3-331272-8 (Component Lead Socket), 40 required.
Contact DATEL, Inc. for MIL-STD-883 product specifications.

8-j 4 DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 ¢ Forimmediate assistance 800-233-2765



D® DA"EL HDAS-75, HDAS-76

INNOVATION and EXCELLENCE 12-Bit, 75kHz, Complete
Data Acquisition Systems

FEATURES

12-Bit resolution, 75kHz throughput

8 Channels single-ended or 4 channels differential
Miniature 40-pin DDIP

Full-scale input range from 100mV to 10V
High-impedance output state

No missing codes

| oA
HDA s~75ﬂ?gls’TlON Sys

TEM

L.

GENERAL DESCRIPTION
The HDAS-75 and HDAS-76 are complete data acquisition

INPUT/OUTPUT CONNECTIONS

systems. Each contains an internal multiplexer, PIN | FUNCTION PIN | FUNCTION
instrumentation amplifier, sample-hold, analog-to-digital
converter and three-state outputs. Packaged in miniature, 1 | CHO/CHOHI 40 | START CONVERT
40-pin, double-dip packages and requiring +15V and +5V 2 | CH1/CH1HI 39 | CA2
supplies, each system dissipates a mere 500 milliwatts. 3 | CH2/CH2 HI 38 | CA1
The HDAS-76 provides 4 differential inputs, and the HDAS-75 4 | CHI/CH3HI 87 | CAO
provides 8 single-ended inputs. An internal instrumentation 5 | CH7/CH3LO 36 | +5VSUPPLY
amplifier is characterized for gains of 1, 2, 4, 8, 10 and 100. 6 | CHe/CH2LO 35 | DIGITAL GROUND
The gain range is selectable through an external resistor. 7 | CHS/CH1LO 34 | DIGITAL GROUND
8 CH4/CHO LO 33 | BIT1(MSB
TECHNICAL NOTES 9 | NO CONNECTION 32 | BIT2
) ] ) 10 | RGAINLO 31 | BIT3
1. Rated performance requires using good high-frequency 11 | RGAIN HI 30 | BIT4
arout board ayout tecigues. Theanaboganddotel |12 | metaveour |20 | e
ground-related problems by connecting the analog, signal 13 ; Ox:‘EFEHENCE out | 28 B:I 6
and digital grounds to one point, the ground plane beneath 1; G/fllN :D?SQ;JND ;(75 ng;
the converter.
o . ) 16 | OFFSET ADJUST 25 | BITO
2. Double-level multlpIeXIng allows expanding the myltlplexer 17 | BIPOLAR 24 | BIT10
channel capacity of the HDAS-75 from 8 to 128 single- 18 | —15v SUPPLY 23 | BIT11
ended channels or the HDAS-76 from 4 to 32 differential
channels 19 ANALOG GROUND 22 | BIT12(LSB)
’ 20 | +15V SUPPLY 21 | EOC
= O =
2z .8 5 5 55
23 be z2 2 £3
22 23 59 & 59
11 10 12 15 17 16
[T 7
33 BIT 1(MSB)
CHO/CHOHI 1 f— 32 BIT2
CHI/CH1HI 2 |— 2x41 31 BIT3
CH2/CH2HI 3 f—— (HDAS-76) | 30 BIT4
CH3/CH3HI 4 [— 29 BIT5
CH4/CHOLO 8 |—  MUX |8 | VA | SH 2B 28 BIT6
CHS/CH1LO 7 |— a1 ' D 27 BIT7
CHB/CH2LO 6 }—— s e 5) 26 BIT8
CHTICHILO 5 |— (HDAS-75) = 25 BITY
24 BIT10
23 BIT1
22 BIT 12 (LSB)
SIGNAL GND 14
g NO
CONNECTION
39 38 37 19 3435 3 20 18 13 40 21
8 38 8 28 ? 7 7 3EEIS
Q 8 g & & > B Y
Z 8 3 B3 @ i “8
< Q S > z [+4 o
¥ 2%

Figure 1. Functional Block Diagram
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HDAS-75, HDAS-76

ABSOLUTE MAXIMUM RATINGS

PARAMETERS MIN. TYP. MAX. | UNITS PERFORMANCE MIN. TYP. MAX UNITS
+15V Supply, Pin 20 0 - +18 Volts Resolution 12 - - Bits
-15V Supply, Pin 18 0 — -18 Volts Integral Nonlinearity, +25°C - - +1 LSB
+5V Supply, Pin 36 05 - + Volts 00 +70°C - - o LsB
Digital Inputs, Pins 37-40 03 | - # | Volts “SSowzc - - | S | LS8
Analog Inputs, Pins 1-8 -25 - +25 Volts D(')";’:;'gfé Nonlinearity, +25°C - - :: tgg
Lead Temperature (10 seconds) — — 300 C 5510 4+125°C _ _ o LSB
F.S. Abs. Accuracy, +25°C — +0.13 +0.3 %FSR
FUNCTIONAL SPECIFICATIONS 010470°C - | 0I5 ] =05 ) %FSR
(Apply over the operating temperature range with +15V and +5V supplies unless -55to +125°C - 025 078 | %FSR
otherwise specified.) Unipolar Zero Error, +25°C - 10.074 £0.15 %FSR
Unipolar Zero Tempco — +15 +30 ppm/°C
ANALOG INPUTS miN. | TYP. | max. [ uniTs Bipolar Zero Error, +25°C — | 20074 | 1015 | %FSR
Number of Inputs Bipolar Zero Tempco — £5 +10 ppm/°C
HDAS-75 8 single-ended inputs B!polar Offset Error, +25°C — 10.1 40.25 %FSR
HDAS-76 4 differential inputs 2::':;3?32;%””° - :(‘;2(: 54;)5 ppr:/l/°C
Inpuf Voltage Ranges Gain Tempco — +20 +40 ppm/°C
ga!n f 10 Oto+1 Ox’ =ov v Harmonic Distortion (-FS)
ain =100 010 +100mY, +100m (DC to 5kHz, 10Vp-p) ® — 73 65 @
LA. Gain Ranges 1,2,4,8,10,100 No Missing Codes Over operating temperature range
Input Impedance
CH On, CH Off 1011 1012 — Ohms SIGNAL TIMING
Input Capacitance MUX Address Set-up Time 400 - - ns
(-75) CH On, CH Off - - 25 pF Start Convert Pulse Width 0.05 1 - us
(-76) CH On, CH Off — — 12 pF Data Valid Before
Input Bias Current - — 200 pPA EOC Signal Goes Low 300 — — ns
Input Offset Current - = 50 pA Conversion Time, +25°C — — 12 us
Input Offset Voltage - — +10 mv 010 +70°C — — 13 us
Common Mode Voltage Range +11 — — \ 5510 +125°C — — 13 us
CMRR, G =1, @10Hz, Throughput Rates ®
Vem = 1Vp-p 75 80 - a8 Gain=1 75 80 — kHz
Voltage Noise (RMS) Gain=2 60 70 - KHz
Gain =1 - - 200 w Gain = 4 50 60 - KHz
Gain =8 - - 50 n Gain=8 45 50 - kHz
MUX Crosstalk @125kHz — — -72 dB Gain=10 40 45 — KHz
MUX ON Resistance - 450 500 Ohms Gain = 100 10 20 — kHz
Bias Current Tempco Doubles (max.) every 10°C above +70°C
Offset Current Tempco Doubles (max.) every 10°C above +70°C S/H PERFORMANCE
Offset Voltage Tempco (£30ppm/°C x gain) +£20ppm/°C (max.) Acquisition Time
Input Gain Equation G= 2kQ 4 Full-Scale Step to +0.01% — 1.4 18 us
Rgain Full-Scale Step to +0.1% — 0.8 14 us
DIGITAL INPUTS :Pe:"fe Be'ﬂvnai y 50 20 1200 . ns
- perture Uncertain — — ps
Logic Levels Slew Rate +70 90 - Vius
Logic 1 +24 - - Volts Hold Mode Settling Time
LO?IC 0 ) —_ —_ +0.8 Volts To +1mV — 200 400 ns
Logic Loading To £10mV - 150 300 ns
Logic 1 - - +30 A Feedthrough Rejection 80 88 — dB
Logic 0 - - -30 pA Droop Rate ® — — +100 uV/ps
OUTPUTS POWER SUPPLIES
Logic Levels Range, +15V Supply +1425 | +150 | #1575 | Volts
Logic 1 +24 - - Volts ~15V Supply 1425 | 150 | 1575 | Vol
Logic 0 - - +0.4 Volts +5V Supply +4.75 +5.0 +5.25 Volts
Logic Loading Current, +15V Supply — +15 +20 mA
Logic 1 — - -500 MA -15V Supply — -10 -15 mA
Logic 0 — - +1.6 mA +5V Supply — +25 +35 mA
Internal Reference Power Dissipation - 500 700 mw
Voltage, +25°C +9.9 +10.0 +10.1 Volts Power Supply Rejection - — +0.01 | %FSR/%V
Drift - 5 35 | ppm/°C PHYSICAL/ENVIRONMENTAL
External Current - — 1.5 mA
Output Coding Straight binary/Offset binary Oper. Temp. Range, Case, -MC 0 - +70 €
-MM, 883 -55 - +125 °C
Footnotes: Storage Temp. Range —65 — +150 °C
® Specifications valid at +25°C and over the temperature ranges of 0 to +70°C Package Type 40-pin ceramic DDIP
or =55 to +125°C. Weight 0.32 ounces (9 grams)

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 ¢ For inmediate assistance 800-233-2765




HDAS-75, HDAS-76

HDAS-75/76 OPERATION

The HDAS devices accept either 8 single-ended or 4
differential input signals. Tie unused channels to SIGNAL
GROUND, pin 14.

Channel selection is accomplished using the multiplexer
address pins as shown in Table 1. Obtain additional channels
by connecting external multiplexers.

The acquisition time is the amount of time the multiplexer,
instrumentation amplifier and sample-hold require to settle
within a specified range of accuracy after the start convert
goes high. The acquisition time can be measured by how long
EOC is low before the rising edge of the START CONVERT
pulse for continuous operation. Higher gains require the use of
the Raa resistor to increase the acquisition time. The gain is
equal to 1 without an Raea resistor. Table 2 refers to the
appropriate Raan resistors for various throughputs.

Table 1. MUX Channel Addressing

MUX ADDRESS PINS
39 38 37
CA2 CA1 CA0 CHANNEL
0
0
0
0 &
1 0 0 4
1 0 1 5 HDAS-75
1 1 0 6 (3-BIT ADDRESS)
1 1 1 7
Table 2. Input Range Parameters
INPUT RANGE GAIN Reain THROUGHPUT
0to +10V 1 OPEN 75kHz
0to +5V 2 2kQ 60kHz
0to +2.5V 4 665Q 50kHz
0to +1.25V 8 287Q 45kHz
Oto+1V 10 221Q 40kHz
0 to +100mV 100 20Q 10kHz
+10V 1 OPEN 75kHz
+5V 2 2kQ 60kHz
+2.5V 4 665Q 50kHz
+1.25V 8 287Q 45kHz
+1V 10 221Q 40kHz
+100mV 100 20Q 10kHz
2kQ 2kQ
ReaN = ———— GAIN = —————
(GAIN-1) RGAIN
Table 3. Zero and Gain Adjust
INPUT RANGE ZERO ADJUST GAIN ADJUST
+1/2LSB +FS -11/2LSB
0to+10V +1.22mV +9.9963V
+10V +2.44mV +9.9927V

CALIBRATION PROCEDURE

1. Connect the converter per Figure 2 and Tables 2 and 3 for
the appropriate input range. Apply a pulse of 1us (typical)
to the START CONVERT input (pin 40) at a rate of 75kHz.

This rate is chosen to reduce flicker if LEDs are used on the

outputs for calibration purposes.
2. Zero Adjustments

Apply a precision voltage reference source between the

analog input and SIGNAL GROUND (pin 14). Adjust the
output of the reference source per Table 3. For unipolar,
adjust the zero trimming potentiometer so that the output
code flickers equally between 0000 0000 0000 and 0000
0000 0001.

For bipolar operation, adjust the potentiometer such that the

code flickers equally between 1000 0000 0000 and 1000
0000 0001.

3. Full-Scale Adjustment
Set the output of the voltage reference used in step 2 to the

value shown in Table 3. Adjust the gain trimming
potentiometer so that the output code flickers equally
between 1111 1111 1110 and 1111 1111 1111,

reference voltage source to obtain the output coding listed
in Table 4.

Rgan HI

Rgain LO

+10V REF
+
47yF 0.1yF

MR CE D

15
20k GAIN ADJUST

15V +15V
1
20k &) OFFSET ADUUST
+15V

18

Ol Towr |
4TuF 0.14F

AGND T+ T 19
$ 47uF l’ -]—0.1|.1F
asvo—t L]

20

HDAS-75/76

Figure 2. Typical Connection Diagram

Notes:

1. For unipolar operation, connect pin 12 to pin 17.

2. For bipolar operation, connect pin 13 to pin 17.

3. Ground pin 15 if gain adjust is not used.

4. Leave pin 16 open if offset adjust is not used.

5. Position Reain as close as possible to pins 10 and 11. Use RN55C,
1% resistors.

. To confirm proper operation of the device, vary the precision

Hybrid Data Acquisition Systems
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HDAS-75, HDAS-76

TIMING

The EOC output signal, when high, indicates that a conversion
is in process. During a conversion, the digital output buffers
are in a high-impedance state, preventing data from being
read. A START CONVERT input received during a conversion
has no effect on the existing conversion. As shown in Figure 3,
data can be read while START CONVERT is high and EOC is
low.

— ~&—200ns max.

— 50ns min.

Nt 1245 N N+

START
CONVERT

300ns min.—»é -
H — ~— 25ns min.

OUTPUT HIGH
DATA IMPEDANCE

HIGH
IMPEDANGE NVALD

CA1
cA0 — l<—- 60ns typ.

Figure 3. Data Valid with START CONVERT
Immediately Returned High

N-1 VALID

D OATEL

The A/D conversion begins on the falling edge of a start
convert command. If START CONVERT stays low after EOC
becomes low, the output buffers stay in a high-impedance
state. Valid data can be read 150ns maximum after START
CONVERT goes high. Figure 4 shows how to use the START
CONVERT pulse to control when the output data becomes valid.

=—200ns max.

—
START i
CONVERT
N-1
12us
EOC

150ns max—e-

IR
[ L

— ~—25ns min.

HIGH HIGH
DATA IMPEDANCE N-1 VALID IMPEDANCE NVALID

OUTPUT ‘

Figure 4. Data Valid with START CONVERT Returned High Later

Notes:
1. ASTART CONVERT pulse greater than 5ps will slow the overall
throughput.

2. Retriggering START CONVERT before EOC goes low will not initiate
anew conversion.

3. Timing specifications apply over the full operating temperature range.

Table 4. Output Coding

RA

BINAR

UNIPOLAR INPUT RANGE OUTPUT CODING INPUT RANGE BIPOLAR
SCALE 0to +10V MSB LSB =10V SCALE
+FS - 1LSB +9.9976V 1111 1111 1111 +9.9951V +FS -1LSB
+7/8FS +8.7500V 1110 0000 0000 +7.5000V +3/4FS
+3/4FS +7.5000V 1100 0000 0000 +5.0000V +1/2FS
+1/2FS +5.0000V 1000 0000 0000 0.0000V 0
g +1/4FS +2.5000V 0100 0000 0000 -5.0000V -1/2FS
| +1/8FS +1.2500V 0010 0000 0000 —7.5000V —-3/4FS
‘ +1LSB +0.0024V 0000 0000 0001 -9.9951V -FS + 1LSB
0 0.0000V 0000 0000 0000 —10.000V -FS

OFFSET BINARY

8-18
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D DOATEL HDAS-75, HDAS-76

MECHNICAL DIMENSIONS
INCHES (mm)
40-PIN DDIP i
2.12 MAX. 1
- (53.85) i (unless i '
2 place decimal (XX) £0.010 (0.254) |
FIFIFIFIFIFIFIrI I I r rI e rI r e e e e 3 place decimal (-XXX) £0.005 (+0.127) |
:; LAdLJiLdiLdidLdLdLatdudiLdiandededeaeded ;: Lead Material: Kovaralloy ‘
Lead Finish: 50 microinches (minimum) gold plating ‘
0.80 MAX. over 100 microinches (nominal) nickel plating i
(2032) J
1 20 |
S R R R [F [F ononong ‘
|
|
! e |
1.900 40,008 . !
- (48.260)
0.245 MAX.
(6.223) PIN 1 INDEX
(A ONTOP) 0.200 MAX.
{ ¢ (5.080)
f 0.012£0.003
(0.305)
0.210 MAX.
©539 JL 0018 £0.002 L—’I (2‘;28,
(0.457) 0.600 0.010 -
SEATING
0.040 (15.240)
(10.160) PoL.gzNﬁE
(0.635)
ORDERING INFORMATION
MODEL NO. INPUT OPERATING TEMP. RANGE
HDAS-75MC 8SE Channels 0to +70°C
HDAS-75MM 8SE Channels —55to +125°C
HDAS-75/883 8SE Channels —55 to +125°C
HDAS-76MC 4D Channels 0to +70°C
HDAS-76MM 4D Channels -55to +125°C
HDAS-76/883 4D Channels —55to +125°C
Receptacles for PC board mounting can be ordered through AMP Inc.,
Part #3-331272-8 (Component Lead Socket), 40 required.
Contact DATEL, Inc. for MIL-STD-883 product specifications.

Hybrid Data Acquisition Systems 8-19



Other DATEL Products §§

REGISTERED

High-Quality
Modular DC/DC Converters

Low cost! Stock delivery!
“Plug-in" convenience from 3 to 70 Watts

E L

O S
¢ Single/dual/triple/quad outputs. Isolated and non-isolated . » BWR-15/5V5[B’.F'65
¢ Standard outputs: 3.3/5/5.2/12/15 Volts ; m
o Wide-range inputs: 4.6-13.2V, 9-36V, 18-72V i * @

Full EMI/EMC capabilities

UL, CSA, IEC approvals

Extensive ap notes on theory, testing and applications
Call us for application-specific "mods" and specials!

L]

Digital Panel Voltmeters
and Instruments

e 31/2 and 4 1/2 digit resolutions

e LED (7 colors) or LCD (optional backlight) displays

o Miniature, panel or board-mount, 12-pin DIP packages

e Industry’s only "low-power" LED meters

o Self-powered instruments: 4-20mA, 60/400Hz, 12/24Vdc, etc.
e Smart displays. "Plug-on" application boards

¢ "Plug-in" ac voltage and frequency meters

« Full set of Application Notes

Computer Analog 1/O Boards

For PClI, EISA, PC/ISA, VME and Multibus

12/14/16-bit A/D and D/A converters to 10MHz

1-256 input channels. Simultaneous S/H with 1-16 A/D’s
Streaming data acquisition to 64M with no lost samples
On-board DSP’s for data pre-processing

o COMM ports link directly to array processors

Virtual Instruments:
Arbitrary waveform generators (2-16 channels)
Programmable power supplies
Power-supply test cards

Windows and LabVIEW® bridge software

For literature or technical assistance

800-233-2765

8-20 or contact your local DATEL Sales Office or Representative



Tunable Active Filters

Table of Contents

Selection GUIAE .........ocoiii ettt et 9-1
FLJ-D Series Digitally (BCD) Programmable Active Filters .........ccocoeviveniniecriccenne. 9-2
FLJ-D5/6 Digitally (Binary) Programmable Active Filters...........ccccceveviinnicincenns 9-2
FLJ-V Series Voltage-Tunable Active FIilters ...........ccoocvermmireeeee e 9-2
FLJ-R Series Resistor-Tunable Active FIlters ...........ccoociiriiiieiiiniere e 9-2
FLJ-UR Series Resistor-Tunable Active FIlters ..........ccoooiiiiiiieeee e 9-2
FLJ-HR Series Resistor-Tunable Active FIREIS ..........ccccviiieinieiniieneeeeeee e 9-3
FLT-U2 Universal ACHVE FIlter ........cvovieeiieee et 9-11
Selection Guide
Frequency
Tuning Filter Low | High | Band | Band Rolloff Cutoff

Model Technique | Poles Type @ Pass | Pass | Pass | Reject | (dB/Octave) Range (fc) Page

FLT-U2 @ Resistors 2 |BUCHBECA| X X X 12 0.001Hz-200kHz 9-11

FLJ-D Series 3-DigitBCD | 2 BU, CH, BE X X X X 12 0.1Hz-160kHz

FLJ-UR Series Resistors 2,4 BU, CH X X X X 12,24, 42 40Hz-20kHz

FLJ-V Series Voltage 4 BU X X X 12,24 20Hz-100kHz

FLJ-HR Series® | Resistors 2,4 {BUCHBECA| X X X 12, 24, 42 10Hz-100kHz

FLJ-D5/D6 3-Bit Binary | 5,6 CH X 60, 80 10Hz-20kHz

FLJ-R Series Resistors 6, 8 CA X X 100, 135 10Hz-20kHz

Listed specifications are typical at Ta = +25°C, with nominal supplies, unless otherwise indicated.
@ BU =Butterworth, BE = Bessel, CA = Cauer/elliptical, CH = Chebyshev
@ Commercial and military temperature ranges available.
® High-reliability and military temperature range models available.




Digitally Programmable and
Resistor/Voltage-Tunable Active Filters

Digitally Programmable Voltage-Tunable Resistor-Tunable
gitally Prog
Parameter ® FLJ-DC, D1, D2 Models FLJ-D5, D6 Models FLJ-VL, VB, VH Models FLJ-R Series FLJ-UR Series
Frequency Control 3-Digit BCD 3-Bit Binary FLI-VLIVH, 0.01-10V 6 or8 Resistors 2 or 4 Resistors
FLJ-VB, 0.1-10V

Filter Characteristics LR, HP, BP, BR LP Fm/bBLF;glégE Seobel soobal

-VB, ee below ee below
Filter Types CH, BE, BU CH FLJ-VH, HP BU

FLJ-DC, 0.1Hz-159.9kHz - wqn y FLJ-VL, 100Hz-100kHz
FrequencyRange | FLJ-D1,1.0Hz-1.599kHz Sﬁ;{i”ﬁ; M'gggfs's; ;gniggmz FLJ-VB, 200Hz-20kHz See below See below
FLJ-D2, 100Hz-159.9kHz ' FLJ-VH, 20Hz-20kHz
Input/Output Range +10Volts +10Volts FL:L‘S%"BH;Z‘& \Ig’"s +10Volts +10 Volts
Input Impedance 300k 50kQ min. 50kQ min. 50kQ min. 50k min.
Gain -1t0-10 1 1 1 1
Number of Poles 2 (1-pole pair) Etjgga}g : FLf-I\_/JE;V;-,;\)/:é‘:)air See below See below
LP/HP, 12dB/octave FLJ-D5LA1/2, 60dB/octave FLJ-VL/VH, 24dB/octave
Rolloff BP/BR 6dBloctave FLI-DBLA1/2, 80dBloctave | FLJ-VB, 12dB/oct. (0=5) See below See below
Attenuation Volume — it‘jggtﬂg Sggg g 3;3 — See below See below
Q 1/3 <Q < 106/fc — FLJ-VB,Q=5 See below See below
HP, 100pVrms
Noise LP, 35pVrms 140pVrms max. 300uVrms 140uVrms max. 140pVrms max.
BP, 30uVrms

Ripple — 0.13dBp-p — 0.15dBp-p 0.28dBp-p (CH)
Distortion 0.002% 0.05% 0.1% max. See below See below
Slew Rate +8V/usec — — — +2V/usec
Supply Voltages +5, +15 Volts +15\Volts +15 Volts +15 Volts +15 Volts
Power Dissipation 780mW 990mW max. 1080mW 975mW 240-600mW
Operating Temp. -20t0 +70°C —-20t0 +70°C -20t0 +70°C -20t0+70°C -20to0 +70°C
Package 40-pin QDIP 40-pin QDIP 40-pin QDIP 40-pin QDIP 20-pin SIP

Support Products: FLJ-ACO1 Oscillator Adapter for the FLJ-DC, D1 and D2. FLJ-ACR1/2 BCD Logic Controlled Resistor Networks for FLJ-UR Series.

FLJ-R/UR Series

Frequency Range

Characteristic Suffix “1” Suffix “2” Rolloff Distortion Attenuation
Model and Type Models Models Poles (dB/octave) (%) Q Volume
FLJ-R3BA1/2 BR, CA 10Hz-2kHz 100Hz-20kHz 3-pole pair - 0.005 .43 18dB/oct.
FLJ-R8LA1/2 LP CA 10Hz-2kHz 100Hz-20kHz 8 135 0.005 86dB (1.6fc)
FLJ-R8LB1/2 LP,CA 10Hz-2kHz 100Hz-20kHz 8 100 0.005 92dB (2fc)
FLJ-UR4LA1/2 LP, BU 40Hz-1.6kHz 400Hz-20kHz 4 24 0.01 24dB (2fc)
FLJ-UR4LB1/2 LP, CH 40Hz-1.6kHz 400Hz-20kHz 4 42 0.01 550B (2fc)
FLJ-UR4HA1/2 HP, BU 40Hz-1.6kHz 400Hz-5kHz 4 24 0.1 24dB (0.5fc)
FLJ-UR4HB1/2 HP, CH 40Hz-1.6kHz 400Hz-5kHz 4 42 0.1 55dB (0.5fc)
FLJ-UR2LH1/2 LP BU 40Hz-1.6kHz 400Hz-20kHz 2 12 0.1 - 12dB (2fc)
FLJ-UR1BA1/2 BP, BU 40Hz-1.6kHz 400Hz-10kHz 1-pole pair 0.01 1.8-50 17.5dB @
FLJ-UR2BA1/2 BP, BU 40Hz-1.6kHz 400Hz-10kHz 2-pole pair 0.01 5 35dB @
FLJ-UR2EA1/2 BR, BU 40Hz-1.6kHz 400Hz-10kHz 2-pole pair - 0.01 5 —

9-2

@ Characteristics: LP = Lowpass, HP = Highpass, BP = Bandpass, BR = Bandreject (notch)
Types: CH = Chebyshev, BE = Bessel, BU = Butterworth, CA = Cauer/Eliiptical

@ For bandpass filters, attenuation volume spec applies at both 2fc and 0.5fc.
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INNOVATION and EXCELLENCE

FLJ-HR Series

Resistor-Tunable
Active Filter

FEATURES

Cutoff or center frequency is set by only four resistors
High-reliability (QL) versions

Wide operating temperature ranges

Small, 24-pin ceramic DDIP package

A variety of functions and families

GENERAL DESCRIPTION

DATEL's FLJ-HR Series are a new type of resistor-tunable
active filters designed to have long life and high-reliability
features. The FLJ-HR Series are packaged in 24-pin ceramic
DDIP’s and operate over the —40 to +85°C (MC version)
temperature range. Units that operate over the —55 to +125°C
military temperature range (MM versions) and devices with
high-reliability screening (-QL versions) are also available. All
versions have passed very severe qualification tests to prove
their high reliability and longevity. The FLJ-HR Series employ
state-variable methods, as does DATEL’s FLJ-UR Series, to
allow system designers to expand their functions. The cutoff or
center frequency can easily be set by only four external
resistors.

BLOCK DIAGRAMS

1.31 MAX.

APSEN
\\)\\i

oW
v&-ﬁ'\i \_)fl-“‘c‘ “wv,\\w‘fj -
D -

(3327)

MECHANICAL DIMENSIONS

1ty
aLan

Inches (mm)

Dimension Tolerances (unless otherwise indicated):
2 place decimal (.XX) £0.010 (+0.254)
3 place decimal (.XXX) £0.005 (+0.127)

Lead Material: Kovar alloy

Lead Finish: 50 microinches (minimum) gold piating
over 100 microinches (nominal) nickel plating

0.80 MAX.
(20.32)

|

ra
T N

»l I-—(:,,}*

1.100

(27.940)

0018:0 002
(0.457)

FLJ-HR4LAY/2 FLJ-HR4LB1/2
4-POLE LOWPASS BUTTERWORTH(Fig.1-1) 4-POLE LOWPASS CAUER (Fig.1-2)
R1 Rz Re

oy B A

24)(23)(22)(21)~20)(19)(18)~(17){16)(15);(14)(13

@O @ OB GO OGO
hbddd

FLJ-HR4HB1/2 FLJ-HR2BA1/2

4-POLE HIGHPASS CAUER (Fig.1-4)
Ri Rz R3 Re
A

24)(23)22)(21)~(20)(19)(18)-(17)-(16)(16)(14)(13

Ri o

.

—
c
4

2-POLE PAIR BANDPASS BUTTERWORTH (Fig.1-5)

R4

[ [
o o)

50

60k$ $ 100

101112

W =
(7.0)

0.010 55557
(0.254)

013

(34) 0.60020.010
(15.240)

FLJ-HR4HA1/2
4-POLE HIGHPASS BUTT! ERWORTH (Fig.1-3)
Ry

Filters
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FLT-HR Series

SPECIFICATIONS
Typical at Rf=31.8k(, +25°C and *15Vdc supplies unless
otherwise specified.

COMMON SPECIFICATIONS TO ALL MODELS

OUTPUT CHARACTERISTICS

Qutput Impedance
Output Voltage -+
Load Resistance
Offset Voltage:««+«r++++-ewsereesnenenees +

ABSOLUTE RATINGS
Supply voltage (VS) «+ocvereerereininiiiieenne +18V POWER SUPPLY, TEMPERATURE RANGE AND PACKAGE
|nput volta © +reerrreeiareetietiaiieitatieeitt ettt titiites +Vs Supply Voltage ............................................................... +5V
FREQUENCY CHARACTERISTICS Supply Voltage Range--:-+---- Suffix 1 model - +1.5V to *+18V
fC ACCUIACY +rvrvnrmrrmrmntrrnniniiiieiiieiiay +3% max. Supply Voltage Range: -+ Suffix 2 model--- .« +5V to =18V
fc Settln ............................ By 4 external Rf resistors Operating Temperature AMG e ++-40°C to +85°C
INPUT CHARACT ERISTICS Operating Temperature -MM - --565°C to +125°C
Input Impedance «-«---ceeeiiiiiie 50kQ min. Storage Temperature «--++++ ---65°C to+150°C
lnput Vo'tage ............................................ -_0-10\/ min_ Package .............................................................. 24-pin DD'P
Poles/characteristics Iu4\np°rp aI:s I:n lpom a'es s hgle:a'ess hglggzs 2bap::‘epap::
Type Butterworth Cauer Butterworth Cauer Butterworth
Model FLJ-HR4LA1/2 FLJ-HR4LB1/2 FLJ-HR4HA1/2 FLJ-HR4HB1/2 FLJ-HR2BA1/2
fc(-3dB) characteristics
o Suffix imodel | 10Hzto16kHz | +«Sameasleft | *Sameasleft | +Sameasleft | +Same as left
M Suffix 2 model | 100Hz to 100kHz | * | 100Hz to 50kHz | * | *
Pass band characteristics
Gain fc < 20kHz 0+0.3dB max. * 0+0.5dB max. * 0+1dB max.
fc = 20kHz*! 0+0.3dB max. * 0+1dB max. * 0+2dB max.
Ripple - 0.28dBp-p - 0.28dBp-p -
Upper-limit fc suffix 1 - - 100kHz+1dB * -
(small signal) suffix 2 — — 400kHz+1dB * -
Rolloff characteristics .
Rolloff 24dB/oct 42dB/oct equiv. 24dB/oct 42dB/oct equiv. 12dB/oct BW
Attenuation (1/2 fc or 2 fc) 24dB 55dB 24dB 55dB 35dB
Q - = - = 5+5%
Minimum attenuation - 46dB - 46dB =
Attenuation at 1 MHz 70dB min. 60dB min. - - 70dB min.
Output characteristics
Offset drift 5uV/°C 16uV/°C 10¢V/°C 5uV/°C *
suffix 1 0.004% 0.01% 0.02% 0.04% 0.004%
Distortion rate suffix 2 0.003% 0.005% 0.02% . 0.002%
suffix 1 model ~ ~ 10V/u sec * -~
Slew rate suffix 2 model — — 25V/usec * —
No suffix 1 model 1004 Vrms max. 1504 Vrms max. 200uVrms max. 300 Vrms max. 100 Vrms max.
suffix 2 model 1004 Vrms max. 1504 Vrms max. 200xVrms max. 300xVrms max. 120 Vrms max.
Qui t current
Current Suffix 1 model | +1.5mA [ +2mA I +mA +2mA +1.5mA
Suffix 2 model | +15mA | +20mA | +10mA | +20mA [ +15mA
+1. suffix 2 model only
TECHNICAL NOTES Rf = —1?2:9 ()':;?3 (kQ) Suffix 1 model
1. Do not use a switching regulator; instead, use a well-
regulated =15V power supply. Install 0.01uF ceramic and Rf = 1?9 2<H1C))3 (kQ) Suffix 2 model
C Z

4.7uF tantalum supply bypass capacitors in parallel as
close to the filter as possible.

2. Use metal film resistors of 1% tolerance for fc setting.
When making a higher-order filter, use more accurate
resistors. Connect external resistors with short leads as
close to the filter as possible.

In the applications given later, the resistance of the 4 resistors

" may be changed. R1 to R4 shown in the block diagrams are
the external resistors explained here. The fc setting range
can be expanded to a lower band by adding 4 external

3. Use external capacitors with good stability and high  capacitors.
dielectric resistance. It is recommended to use multi-layer Rf = __ 158 (kQ) Suffix 1 model
ceramic capacitors or plastic film capacitors. , (Cf+0.01) fc

4. The relationship between fc and external resitors/ 159 .
capacitors: Cutoff or center frequency can be set by 4 Rf = (CiF0.000)fo (k) Suffix 2 model

external resistors. The values of the 4 external resistors
(Rf) can be calculated as follows for normal use. where Cf is measured in uF and fc in Hz.

See Fig. 3-1 and 3-2.
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e
5. How to tune fo: 6.How to change Q value of FLJ-HR2BA1/2:
As shown in the specifications, the fc or fo setting Basically it is not recommended to change the value of
accuracy is 3% depending on the accuracy of the Q of FLJ-HR2BA1/2. However, it is possible to change
elements used. There is no practical problem in tuning the value of Q to 10 (standard Q is 5) by adding two
when they are used as a lowpass or a highpass filter. additional external resistors Rql and Rqg2. It is also

However, bandpass filters may require sharp tuning. Such g(::egsarnyto g{l:\nge the values of Rfi, Rf2, Rf3 and
filters can be tuned with external trimmers as shown in - oee Fig. 5-4.

Figure 3-3 as follows: 7.No offset adjustment is required when the FLJ-HR

. . . . Series is used with AC coupling connections. In the
- An input signal of 1.0734 x fo is provided. case of DC coupling, offset can be adjused with an
- Tune VR1 until a lissajous composed with the input signal external trimmer. See Fig. 3-1, -2 and -3. All pins not
and the output of pin 21 shows a Y = -X straight line on an used should be left open.
oscilloscope in the XY mode.
- Then tune VR2 until a lissajous composed of the input
signal and the output of pin 11 shows a Y = X straight line.

BASIC CONNECTIONS (Fig.3)

FLJ-HR4LA1/2, 4LB1/2, 4HB1/2 (Fig.3-1) FLJ-HR4HA1/2 (Fig.3-2)

R

T Ry TRy Rs3 Ry
C:

FLJU-HR4LA1/2
4LB1/2
4HB1/2

5V +15V
~15  +15 Rft =1.0355 x Rf Rf2 = 0.95 x RfA
Rf3 = 0.9657 x Rf Rf4 = 0.95 x Rf3
RF=R1=R3, R2=Rs=0.95RrF, Rv1 > 0.1Rf1 Rv2 > 0.1Rf3
VR1=VR2=0.1RF See technical note 4. for the values of Rf.

Rql = Rg2.= 3.92kQ

Filters 9-5




FLT-HR Series

APPLICATIONS

1. A 4-pole Iowpass Bessel or Chebyshev (0.5dB ripple) (Fig. 4-1)

D OATEL

2.A 4-pole hlghpass Chebyshev (0.5dB ripple)

Ri (Fig. 4-2)
(EL.L mmm
A Resistor| Bessel | Cheb Resistor | Chebyshev
R1 0.673RF | 2.182RF Ry 0.726Rp
FLJ-HR4LA1/2 Rz 0.712RF_| 1.286Rr Rz 0.491Rr
R3 0.384Rr | 2.178RF Rs 0.386Rr
070Y0Y0Y0Y0Y0 Y0 Y0 0! Rs 1.014Rr_| 0.432Rr R 2.75TRr
0.1
™ F d our IN 0.1 101 10k ou'ro
'
—15 +15 v )
=15 +15
3. An 8-pole lowpass Butterworth (Fig. 4-3)
Re R R Rq1=316kQ,  Roz=21.5kQ
"i {551 t- Ras =52.3kQ, Rqs =15.0kQ
@)-E-()--O---()-0 Rr=R1 =Rz =R3 =Rs =Rs =Rs =R7 =Rs
FLJ-HR4LA1/2
o
IN
+15 O—
—15 O——
COM O—
4. An 8-pole lowpass Butterworth, Bessel or Chebyshev (X 05dB ripple) (Fig. 4-4)
Ri Rz R3 Ra Re
ORVVRVOVOVOOOV Resistor | Butteworth | Bessel | Chebyshev
R1 1.416RF | 0.526Rr | 2.519Rr
- R | 0.706Rr | 0.601RF | 2.232Rr
FLJ-HR4LAL/2 Rs | 0.915Re | 0.233Rr | 1.839Rr
R¢ 1.093Rr { 1.277Rr {0.6543Rr
Rs | 1.111Re | 0.673RF | 2.972Rr
HHOH ACAACAAL Re | 0.900RF | 0.390Rr | 0.7504Rr.
- . R | 0.391Rr | 0.428RF | 5.237Rr
+15 O 0.1 |10k 0.1 |10k out Rs 2.561RF | 0.488Rr | 0.1733Rr
—15 O-
COM O—
5. An 8-pole lowpass Cauer (0.53dB ripple) (Fig. 4-5)
R Re Rs Re Rs Re R7 Re Ri =Re =Rs =R =R
-obyeq i o R riF i Rs =1.801R¢ Re =1.221R¢
292G )-(29-(0)-Go)-()-(9)-(9)-()-() QO-(23)-22)-@)-20)-(19)-(18)~(17)-(1)-(5)- ()3} R7 =1.797RFr Rs =0.4788Rr
FLJ-HR4LB1/2 FLJ-HR4LA1/2
DO 0102020202002 0308 D3O020:0 020202002020
N { 0.1 4 0.1
IN 1t —F
50 0.1 {10k 0.1 {10k our
—15 0—
COM O—
6. An 8-pole hlghpass Butterworlh Chebyshev (0 05dB ripple) (Fig.4-6)
. Rs
aTalaTaaACel 0 © Resistor | Butterworth |- Chebyshey
R 0.942Rr | 0.5619Rk
- Re 1.062Rr_| 0.3165RF
FLJ-HR4HAI/2 Rs 0.689Rr 0.3762RF
Re 1.452RF 2.209RF
0poe >9OHEOOOODC B o
m (] ] o'j,] 10k Ry 1.962Rr | 0.3287Re
+15 0 ] — out Rs 0.510Rr_| 3.352Rr
“150 L J
COM o




FLT-HR Series

7. An 8-pole highpass Cauer (0.53dB ripple) (Fig. 4-7)

Rs R7 Re

R Rz Rs Re : '
Daralgs ik
& &) &) G Ri =Rz =R3 =Rq =R¥

000 0@ 0-0-O-O-O-O-C
Rs=0.845Rr  Rs =0.538Rr
Rr=0.422R¢  Re=2.T51R¥

FLJ-HR4HB1/2 FLJ-HR4HA1/2
o¥oYoYoYoYoYoYoYoYoYoye DY0Y6Y0Y0Y0Y0 Y0 0 Yo Yo Yo
IN [ it
6.] 10k ' 10k
50 0.1 i 1 L ¢ 0 1L out
5o | 0.1 ]
COM O—
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FLJ-HR2BA1/2 Phase Response 4-pole lowpass Bessel Frequency 4-pole lowpass Bessel Phase
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8-pole highpass Butterworth
Frequency Response (Fig. 5-25)
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FLT-HR Series

RELIABILITY TESTS AND SCREENING

RELIABILITY TESTS

Reliability tests in compliance with MIL-STD-883 test methods are conducted on all products
before they are released. The accompanying tables illustrate these qualification tests.

Groug‘s_ub G| Test Method | Condition] Samples Notes
A 1. | Mechanical dimensions | 2016 2 (0)
Anti solvents 2015 4 (0)
Internal visual 2014 2 (0)
Bond strength 2011 [CorD! 2(0)
Die shear strength | 2019 2(0)
| Solderability 2003 2 (0) | Solder temp. 240 °C + 5°C
| 2. | Static discharge 3015 3 Category A.
Final electrical -
B. | 1. | External visual 2009 5(0)
! Temperature cycle | 1010 | C 5 (0) | -65 to +150°C, 10 cycles
‘ Constant acceleration 2001 | A | 5(0) | 5000g Y1,1 min.
Fine leak 1014 | A 5(0)
Gross leak 1014 C 5 (0)
Final electrical - 5 (0)
2. | Normal life 1005 B 5 (0) | +125°C 1000 hrs.
Final electrical - 5 (0)
C. 1. | Heat shock o1 [} 3 (0) | -65 to +150°C, 15 cycles
Stabilization bake | 1008 | C 30 +150°C 1 hrs.

Group/[Sub G| Test Method
Lead 2004
Fine leak 1014
Gross leak 1014
2. | Package insulation -
3. | Salt spray 1009
D |1 Vibration 2007
Shock 2002
Final electrical -
External visual 2009
Fine leak 1014
Gross leak 1014
E. 1 Temperature cycle | 1010
Final electrical -
External visual 2009
Fine leak 1014
Gross leak 1014

B2
A
Cc

Condition| Sample*

3(0)
3(0)
30
3(0)
5(0)

5(0)
5(0)
5(0)
5 (0)
5(0)
5(0)

5(0)
5(0)
5(0)
5(0)
5(0)

Notes

600Vdc, 100nA
24 hrs.

20 to 200Hz, 50g
1500g, 0.5mSec.

-65 to +150°C, 500cycles

*Number of samples (defects allowed).

SCREENING

Wide operating temperature range versions of FLJ-HR Series are suffixed with
MM and can operate from -55°C to +125°C. These versions are also screened

suffix. Example: FLJ-HR4LATMM-QL.

in compliance with MIL-STD-883 test methods and can be ordered with a -QL

Test Process Method
1. Internal visual Precap visual check with x10 to x80 2017
microscope.
2. Stabilization bake +150 °C, 24 hrs. 1008
3. Temperature cycle Low temp.: -65 °C +0/-10 °C 1010
High temp.:+150°C -0/+15°C
>10 minutes, 10cycles
4. Constant acceleration 5000g, Y1, 1 minute 2001
5. Pre burn-in test Electrical performance -
6. Burn-in +85°C, 48 hrs. 1015
7. Final electrical Per specifications -
8. Leak, fine Helium gas 1014
gross FC-43, +125°C
9. External visual 2009

ORDERING GUIDE

1. MC version: -40°C to+85°C operating temperature range

2. MM version: -55°C to+125°C

. Low fc type High fc type
Filter type 10Hz to 1.6kHz 100Hz to 50kHz/100kHz
; 4-pole lowpass Butterworth FLJ-HR4LAIMC FLJ-HR4LA2MC
[ 4-pole lowpass Cauer FLJ-HR4LBIMC FLJ-HR4LB2MC
: 4-pole highpass Butterworth FLJ-HR4HAIMC FLJ-HR4HA2MC
4-pole highpass Cauer FLJ-HR4HBIMC FLJ-HR4HB2MC
2-pole pair bandpass Butter- FLJ-HR2BAIMC FLJ-HR2BA2MC
worth

3. QL screening version
Example: FLJ-HR4LATMM-QL

operating temperature range
Example: FLJ-HR4LATMM
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INNOVATION and EXCELLENCE

FLT-U2

Universal Active Filter

FEATURES

e State variable filter

e Output to 200kHz

e 2-Pole response

e LP, BP or HP functions

* Q range from 0.1 to 1,000

o Resonant frequency accuracy +5%
e Frequency stability £0.01%/°C

e Low-noise operational amplifiers

e -55 to +125°C operation

e Low cost

GENERAL DESCRIPTION

The FLT-U2 is a universal active filter that uses the state-variable
active-filter principle to implement a second order transfer
function. Three committed operational amplifiers are used for
the second-order function, while a fourth uncommitted
operational amplifier can be used as a gain stage, summing
amplifier, buffer amplifier, or to add another independent real pole.

Two-pole lowpass, bandpass and highpass transfer functions are
available simultaneously from three different outputs, and notch
and allpass functions are available by combining these outputs in
the uncommitted operational amplifier. To realize higher order
filters, several FLT-U2s can be cascaded. Frequency tuning is
done by two external resistors and Q tuning by a third external
resistor. For resonant frequencies below 50Hz, two external
tuning capacitors must be added. Precise tuning of the resonant
frequency is done by varying one of the resistors around its
calculated value.

The internal operational amplifiers in the FLT-U2 have 3MHz gain-
bandwidth products and a wideband input noise specification of
only 10nVAHz. This results in considerably improved operation

8 3

o enxeR

3«&%’5";\?\3’2—

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 | Ra 16 | NOPIN
2 | Rn 15 | NOPIN
3 | HIGHPASS OUTPUT 14 | STAGE 2 INPUT
4 | +15VSUPPLY 13 | BANDPASS OUTPUT
5 | LOWPASS OUTPUT 12 | 15V SUPPLY
6 | +INBUFFER 11 | BUFFERED OUTPUT
7 | STAGE3INPUT 10 | —IN BUFFER
8 | NOPIN 9 | GROUND

over most other competitive active filters which employ lower-
performance amplifiers. By proper selection of external
components, any of the popular filter types such as Butterworth,
Bessel, Chebyshev or Elliptic may be designed.

Two models are available for operation over the commercial, O to
+70°C, and military, =55 to 125°C, temperature ranges.

A Be @, it
@ ~ ™ 7] w
£z wh iz wh {E 5 S%
LE op oE 0Of E 3 3%
53 =% z3 2% ga z 33
IC &= & n= 8¢ 7 )
3 14 13 7 5 10 4
100k
—AM-
10k 1000pF 1000pF
RN2 [—e -
11BUFFERED
Ra 1 ’__1 . OUTPUT
100kQ 100kQ
100k
W
9 6 12
=) 14 >
5 gz
3 i 8a
4 =1 =]
% o [
z
¥

Figure 1. Functional Block Diagram
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FLT-U2

FUNCTIONAL SPECIFICATIONS

(Typical at +25°C and +15V supplies unless otherwise noted.)

FILTER CHARACTERISTICS | MIN. ] TYP. T MAX. | UNITS
Frequency Range © 10-6 to 200 kHz
Q Range ® 0.1t0 1,000
fo Accuracy 15 %
fo Temperature Coefficient £0.01 %/°C
Voltage Gain ©® 0.1t01.0 VN
AMPLIFIER CHARACTERISTICS
Input Offset Voltage — 0.5 16 mv
Input Bias Current — +40 +500 nA
Input Offset Current - 5 200 nA
Input impedance — 5 - MQ
Input Com. Mode Voltage Range +12 — - Volts
Input Voltage Noise, wideband — 10 nVAHz
Output Voltage Range +10 — — Volts
Output Current +5 — — mA
Open Loop Voltage Gain — 300,000 —_
Common Mode Rejection Ratio — 100 — dB
Power Supply Rejection — 10 — HVNV
Unity Gain Bandwidth - 3 - MHz
Slew Rate — 1 — Vips
POWER SUPPLY REQUIREMENTS
Voltage, rated performance — 15 — Volts
Voltage Range, operating 15 — 118 Volts
Quiescent Current —_— — +11.5 mA
PHYSICAL/ENVIRONMENTAL
Operating Temperature Range

FLT-U2 0to +70°C

FLT-U2-M -55 o +125°C
Storage Temperature Range -55 to +125°C
Package Ceramic 16-pin DIP (double spaced)
Footnote:

@ foQ =5 x 105 optimally.

TECHNICAL NOTES

1. The FLT-U2 has simultaneous lowpass, bandpass and
highpass transfer functions. The chosen output for a
particular function will be at unity gain based on Tables Il
and lll. This means that the other two unused outputs will
be at other gain levels. The gain of the lowpass output is
always 10dB higher than the gain of the bandpass output
and 20dB higher than the gain of the highpass output.

2. When tuning the filter and checking it over its frequency
range, the outputs should be checked with a scope to make
sure there is no waveform clipping present, as this will affect
the operation of the filter. In particular, the lowpass output
should be checked since its gain is the highest.

3. Check f1, the center frequency for bandpass and the cutoff
frequency for lowpass or highpass, at the bandpass output
(pin 13). Here the peaking frequency can easily be
determined for high-Q filters and the 0° or 180° phase
frequency can easily be determined for low-Q filters
(depending on whether inverting or noninverting).

4. Tuning resistors should be 1% metal-film types with
100ppm/°C temperature stability or better for best
performance. Likewise, external tuning capacitors should
be NPO ceramic or other stable capacitor types.

THEORY OF OPERATION

The FLT-U2 block diagram is shown in Figure 2. Thisis a
second-order state-variable filter using three operational
amplifiers. Lowpass, bandpass and highpass transfer
functions are simultaneously produced at its three output
terminals. These three transfer functions are characterized by
the following second order equations:

K1
— —  lOWPASS ¥
S2 +%S + o2 Q

K2S
o BANDPASS
S2 +ES + o2

K3S?

o
S2+—S§
Q + o2

H(S) =
H(S) =

H(S) = HIGHPASS

where K1, K2 and K3 are arbitrary gain constants.

A second-order system is characterized by the location of its
poles in the s-plane as shown in Figure 3. The natural radian
frequency of this system is wo. In Hertz this is fo = 90.

T
The resonant radian frequency of the circuit is different from
the natural radian frequency and is:
®1 = W Sin 6 = Vwg2 — 612
The damping factor d determines the amount of peaking in the
filter frequency response and is defined as:
d=cos 6
The point at which the peaking becomes zero is called critical
damping and is d = V2 /2.
Qis found from d and is a measure of the sharpness of the
resonance of the peaking:
1
Q= 5§
fo

Also,Q= ——2 = 90
-3dB Bandwidth 20+

For high-Q filters, the natural frequency and resonant
frequency are approximately equal.

o1=ng or fi=fp

This is true since @1 = wo sin 6 and sin § = 1 as the poles move
close to the ju axis in the s-plane.

For high Q’s (Q > 1), we therefore have for the second order
filter:

Bandpass center frequency

Lowpass corner frequency

Highpass corner frequency

fo

-

In the simplified tuning procedure which follows, the tuning is
accomplished by independently setting the natural frequency
and Q of the filter. This is done most simply by assuming
unity gain for the output of the desired filter function. Unity
gain means a gain of one (+) at dc for lowpass, at center
frequency for bandpass, and at high frequency (f >> fo) for
highpass. Unity gain does not apply to all outputs
simultaneously but only to the chosen output based on the
component values given in the tables. Figure 4 shows the
relative gains of the three simultaneous outputs assuming the
bandpass gain is set to unity. Note that lowpass gain is
always 10dB higher than bandpass gain, and highpass gain is
always 10dB lower than bandpass gain.

9-12
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SIMPLIFIED TUNING PROCEDURE
1.

Select the desired transfer function (lowpass, bandpass or
highpass) and inverted or noninverted output. From this
determine the filter configuration (inverting or noninverting)
using Table 1.

. Starting with the desired natural frequency and Q

(determined from the filter transfer function or s-plane
diagram), compute foQ. For foQ > 104, the actual realized Q
will exceed the calculated value. At foQ = 104, the increase
is about 1%, and at foQ = 105 it is about 20%.

. Inverting Configuration. Using the value of Q from Step 2,

find Ry and Rg3 from Table Il. Rz is open, or infinite.

. Noninverting Configuration. Using the value of Q from

Step 2, find Rz and R3 from Table 11l. R1 is open, or infinite.

. Using the value of fo from Step 2, set the natural frequency

of the filter by finding R4 and Rs from the equation:
R4 = H5=5'°3X1°7
fo

where R4 and Rs are in Ohms and fo is in Hertz. The
natural frequency varies as VR4Rs and therefore one value
may be increased and the other decreased and the natural
frequency will be constant if the geometric mean is
constant. To maintain constant bandwidth at the bandpass
output while varying center frequency, fix R4 and vary Rs.

. For fo < 50Hz, the internal 1000pF capacitors should be

shunted with external capacitors across pins 5 & 7 and 13 &
14. If equal value capacitors are used, R4 and Rs are then
computed from:

R4 = Rs=2:03X10% (4, bpy
foC
For unequal value capacitors this becomes:
5.03 x 10™
R4=Rg=222X Y
4= Ttz

In both cases, the capacitance is the sum of the external
values and the internal 1000pF values.

(Ct1and Cz in pF)

Table I. Filter Configuration

LP BP HP
Inverting Input _Inverting Non-Inv. Inverting
Noninverting Input Non-inv. Inverting Non-Inv.
Table Il. Inverting Configuration
R1 R2 R3
100k
Lowpass 100k Open 38Q-1"
100k
Bandpass Qx 31.6k Open 3.480Q
: 100k
Highpass 10k Open B64Q -1
Table Ill. Noninverting Configuration
R4 Ra Rs
316k 100k
Lowpass Open -a 3160 —1
100k
Bandpass Open 100k 348Q =1
; 31.6k 100k
Highpass Open Ou 0316Q =1

FLT-U2
HP 8P LP
Re [ cz
L —]
i 1
3 14 13 7 5 10
100k
10k 1000pF 1000pF
A L_.; —¢
N R 2
INPUT
W > D A
NON INV ’
INPUT 1
Rs 100kQ 100kQ
100k
Lo 6
Figure 2. FLT-U2 Block Diagram
b .o  RELATIONSHIPS
®1=wosin® = V-
N ——— 01 d=cos 6
POLES I ]
2d 201
®o o
"~ 3dB Bandwidth
=9
21
0
-G —C1 +c
X e @1
/o
Figure 3. S-Plane Diagram
LOWPASS
+10 40dB/DECADE
ol BANDPASS
ol HIGHPASS
ean T
(dB) 20dB/
DECADE
ol . 20dB/DECADE
DECADE
w0
1 1 1 |
0.1 0.5 1.0 5.0 10.0
fo
RELATIVE FREQUENCY

Figure 4. Relative Gains of Simultaneous Outputs, Q =1
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FLT-U2

SIMPLIFIED TUNING PROCEDURE (continued)

7. This procedure is based on unity gain output for the desired
function. For additional gain, the fourth (uncommitted)
operational amplifier should be used as an inverting or
noninverting gain stage following the selected output. See
Figure 5. Athird pole on the real axis of the s-plane may
also be added to the transfer function by adding a capacitor
to the gain stage as shown in Figure 6.

FILTER DESIGN EXAMPLES

Bandpass Filter with 1kHz Center Frequency
Q = 10 and Inverted Output

1. From Table |, the noninverting configuration is chosen to
realize an inverted bandpass output foQ = 104 which
means the realized Q will be about 1% higher than
calculated.

2. From Table Ill, using Q = 10, we find:
Rt =open

Rz = 100k
Re= _100kQ  _ 100kQ
348Q-1 338

3. Using fo of 1kHz, R4 and Rs are found from the equation:

= 2.96kQ

_R-=5.03x107 _
R4=Rs 000 50.3kQ

4. This completes the filter design which is shown in Figure 7.
To choose the nearest 1% standard value resistors either
49.9k or 51.1kOhms could be used; likewise one value of
49.9k and one of 51.1k could be used giving the geometric
mean of YR4Rs = V49.9k x 51.1k = 50.5k which is even
closer. But due to the filter +5% frequency tolerance, it may
be better to hold R4 constant while varying Rs to tune it
exactly.

Three-Pole Noninverting Butterworth Lowpass Filter
with dc Gain of 10 and Cutoff Frequency of 5kHz

The s-plane diagram of the 3-pole Butterworth filter is shown
in Figure 8. We will use a second-order filter to realize the two
complex conjugate poles and the uncommitted operational
amplifier to provide the third real axis pole and a dc gain of 10.

1. From Table |, the noninverting filter configuration would
normally be used to give a noninverting lowpass output. In
this case, however, we choose an inverting uncommitted
op amp with a gain of 10 and therefore we use the inverting
configuration for the filter. By comparing the second-order
portion of the Butterworth function S2 + oS = ®o2 to the
standard second-order function S2 + oS = o2 we find
Q =1.f0Q is then 5 x 103 so that Q will not exceed its
specified value.

2. From Table Il, using Q = 1, we find:
R1 = 100kQ

R2 = open
__ 100k
Rs= 38001

3. Using fo of 5kHz, R4 and Rs are found from the equation:

= 35.7kQ

5.03 x 107
Ra=Rs=2:08X107 _ 44 440
4= =" 5000

1
POLE FREQ = 2eReCa

Figure 6. Using the Uncommitted Op Amp to Add a Real Axis Pole

BANDPASS
OUTPUT
Re Rs
50.3k2 50.3k
WA MM
3 14 13 7 5 10
100K
1002 1000pF 1000pF
2
R
100k 1
N
1
Rs
296k 100k 100k
100k
=9 €

Figure 7. Bandpass Filter Example

COMPLEX e

HS)=s—————
(S +09) (S + 0, S+

—jo

Figure 8. S-Plane diagram of 3-Pole Butterworth Lowpass Filter
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FLT-U2

SR
FILTER DESIGN EXAMPLES (continued s o o 1R%0RF
( ) 10.R1‘m wﬁm 2'::1  —

4. For the uncommitted output amplifier, a gain of —10 is T e ™7, s 9T mona

required. This defines R7/Rs = 10 and we arbitrarily choose

Re = 2k, R7 = 20kQ. Rg becomes approximately 2kQ. e
5. The final step is to realize the real axis pole of the T 100F 1000eF

Butterworth filter. This pole is at 5kHz and is set by using oo 2 i 1

capacitor C3 across the feedback resistor R7: N > :‘— 1

Cs= 1 = 1 = 1590pF T y * ouTPUT
2nfR7  6.28 x5x 103 x 20 x 103 o 100k o0

6. This completes the 3-pole Butterworth filter which is shown L ey

in Figure 9.

. . . . =° ° Re :I—.

Highpass Filter with Gain of -1, 20kHz 2

Cutoff Frequency, and Critical Damping

1. From Table |, the inverting configuration must be used to
realize a highpass gain of —1. An s-plane diagram of this
function is shown in Figure 10. Critical damping requires A
the pole positions to be on a line 45° with respect to the real Ho
axis and this results in no frequency peaking. The damping
factor d is: d=cosf =0707

d = cos 6 = cos 45° = 0.707 Q=55 = 3xomor 077
and Q=-t=—21___0707 T = ok

Because this is a low-Q system, the natural frequency will o= gne ~ om0 - 22
not be the same as the highpass cutoff frequency f1. From
Figure 10: 15°

fo=-N_ = 20kHz _ 55 g1, - o, +o
cos 8~ (0.707)

Then foQ = 0.707 x 28.3 x 103 = 2 x 104, and the Q will
exceed its desired value by slightly more than 1%.

2. From Table II, using Q = 0.707 we find: Xt i@,
R1 = 10kQ

R2 = open
Rs = 100k  _ 100kQ
6.64Q - 1 3.69

3. Using fo = 28.3kHz, R4 and Rs are found from the equation:

=27.1kQ

—j®

_nr._503x107 _ Figure 10. S-Plane Diagram of Highpass Filter
Re=Rs= 28.3x 103 1.78kQ with Critical Damping

4. This completes the highpass filter design which is shown in

Figure 11. When using this filter, care should be exercised HIGHPASS

so that clipping does not occur due to excessive input QUTRUT) g, Rs

levels. If clipping occurs, the filter will not operate properly. vt | e
Clipping will first occur at the lowpass output around fo 3 “ K 7 5 1
since its gain is 20dB higher than the highpass output. The 100k
signal level should be reduced so that clipping does not
occur anywhere in the frequency range used. If a higher 10k2 1000pF
signal level is required, the highpass output should be —w—t e

Rz
amplified by a gain stage using the uncommitted N2
operational amplifier. > :i> 1"

1
R3
27.1kQ 100k 100k
100k

l

Figure 11. Highpass Filter Example
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ADVANCED FILTERS

All of the common filter types can be realized using cascaded
FLT-U2 stages. This includes multi-pole Butterworth, Bessel,
Chebyshev and Elliptic types. The basic procedure is to
implement each pole pair with a single FLT-U2 and cascade
enough units to realize all poles. A real-axis pole is
implemented by an uncommitted operational amplifier stage.
Each stage should be separately tuned with an oscillator and
scope and then the stages connected together and checked.
See Figure 12.

A notch filter can be constructed in several ways. The first way
is to use the FLT-U2 as an inverting bandpass filter and sum
the output of the filter with the input signal by means of the
uncommitted operational amplifier. This produces a net
subtraction at the center frequency of the bandpass which
produces a null at the output of the amplifier. See Figure 13.
Likewise, lowpass and highpass outputs (which are always in
phase) can be combined with each other through an external
operational amplifier. The highpass output must have some
gain added to it, however, so that its gain is equal to that of the
lowpass output. A third method is to use two separate
FLT-U2s, one as a two-pole lowpass filter and the other as a
two-pole highpass filter. Again, the outputs are combined
through an operational amplifier. This method permits
independent tuning of the two sections to get the best null
response.

Further discussion of filter designs is beyond the scope of this
data sheet and the user is referred to the various texts on filter
design, some of which are listed below.

Estep, G.J., The State Variable Active Filter Configuration
Handbook, 2nd Edition, Agoura, CA., 1974.

Reference Data for Radio Engineers, Howard W. Sams & Co.,
Inc., 5th Edition.

+io

FLT-U2 #1 . /,---""""
X -
-
//
;’/
FLT-U2#2 X/

UNCOMMITTED /

OP AMP /
\ /

X

—-C H +c

i\
5

X
FLT-U2 #2 \\

,
.

.
.
FLT-U2 #1

o

FLT-U2 FLT-U2
#

Figure 12. Realization of a Complex Multi-Pole Filter

R1

IN o—¢
out
Christian, E. and Eisenmann, E., Filter Design Tables and L FLT-U2 é R *
Graphs, McGraw-Hill Book Co., 1974. BANDPASS Rs
Figure 13. Realization of a Notch Filter
MECHANICAL DIMENSIONS INCHES (mm)
0.085 +0.010
0.905 £0.010 (216 £0.25)
"_ (22.99 £0.25) _’l
0.010 £0.005
(0.25 +0.13) b
16 9 f
PIN 1
INDENTIFIER 0.595 £0.010
(15.11 £0.25)
N 8
0.180 +0.024
(4.57 £0.61) 0.420 £0.005
(10.67 £0.13)
0.200 £0.020
(5.08 £0.51) —L
I ORDERING INFORMATION
0.070 £0.005
(1.78 £0.13) f o6° £5° 0.140 £0.020 OPERATING
0.040 £0.004 0020 £0.005 .\. (3.56 £0.51) MODEL TEMP. RANGE
(022010 e (5.04:0.13) FLT-U2 0to +70°C
(2.540) FLT-U2-M -55to +125°C
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For literature or technical assistance

800-233-2765

or contact your local DATEL Sales Office or Representative
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Other DATEL Literature

Modular
DC/DC
Converters

NEW 152-page, full-color catalog! Data sheets and
applications for high-quality, low-cost, modular DC/DC
Converters: 3-50W, single/dual/triple outputs, wide-range
inputs (4.6-13.2V, 9-36V, 18-72V), isolated and non-isolated,
many 3.3V devices. New Products: 5W in 1" x 1"; 40W/12A,
non-isolated, 5V-t0-3.3V; 20W triples in 2" x 2"; 30W triples. 50
pages on theory, testing and applications. Quality assurance,
custom capabilities and EMI/EMC facilities described.

Digital Panel
Voltmeters &
Instruments

NEW 100-page, full-color catalog! Selection guides,
performance specs and a full set of application notes for 200 3
1/2 and 4 1/2 digit, low-cost, miniature, panel or board-mount
DPM's. 12-pin DIP packages. LED/LCD displays. L.CD meters
operate from +5V or 9V batteries. 7 LED colors. New, low-
power LED meters compete with LCD's. Ap notes for
ammeters, tachometers, battery monitors, 4-20mA, etc.
Includes "plug-in" ac meters, "plug-on" application boards,
self-powered instruments and smart displays.

Computer
Analog
I/O Boards

NEW 216-page catalog! Data sheets, applications and sample
software for industry's leading line of high-speed analog 1/0
boards for PCI, EISA, PC/ISA, VME and Multibus. Streaming
data acquisition with FIFO's, RAM's, COMM ports and DSP's.
1-256 input channels. 12/14/16-bit A/D’s to 10MHz. Simulta-
neous sampling with 2-16 A/D's. Arbitrary waveform genera-
tors (2-16 channels). Programmable power supplies. Power-
supply test cards. Windows and LabVIEW® bridge software.

Application Notes

DATEL publishes a set of 8 application notes for data
acquisition applications as listed below. Our DC/DC
Converter and Panel Meter catalogs also include extensive
applications sections.

AN-1 High-Speed A/D Converter Designs: Layout
and Interfacing Pitfalls

AN-2 Picking the Right S/H Amp for Various
Data Acquisition Needs

AN-3 Data Converters: Getting to Know Dynamic Specs

AN-4 Understanding Data Converter Frequency
Domain Specifications

AN-5 Subranging ADC's: Architectures, Specifications
and Testing

AN-6 Seeing is Believing: A/D Converters Make the
Difference in Imaging Applications

AN-7 Modifying Start Convert Pulses Using Commercially
Available Devices

AN-8 Heat Sinks for DIP Data Converters

For literature or technical assistance

800-233-2765

or contact your local DATEL Sales Office or Representative
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Other DATEL Products

REGI STERED

High-Quality
Modular DC/DC Converters

Low cost! Stock delivery!

"Plug-in" convenience from 3 to 70 Watts
Single/dual/triple/quad outputs. Isolated and non-isolated
Standard outputs: 3.3/5/5.2/12/15 Volts

Wide-range inputs: 4.6-13.2V, 9-36V, 18-72V

Full EMI/EMC capabilities

UL, CSA, IEC approvals

Extensive ap notes on theory, testing and applications

o Call us for application-specific "mods" and specials!

MADE y (g4

Digital Panel Voltmeters
and Instruments

e 3 1/2 and 4 1/2 digit resolutions

LED (7 colors) or LCD (optional backlight) displays

Miniature, panel or board-mount, 12-pin DIP packages
Industry’s only "low-power" LED meters

Self-powered instruments: 4-20mA, 60/400Hz, 12/24Vdc, etc.
Smart displays. "Plug-on" application boards

e "Plug-in" ac voltage and frequency meters

Full set of Application Notes

Computer Analog I/O Boards

e For PCI, EISA, PC/ISA, VME and Multibus

o 12/14/16-bit A/D and D/A converters to 10MHz

e 1-256 input channels. Simultaneous S/H with 1-16 A/D’s
e Streaming data acquisition to 64M with no lost samples
¢ On-board DSP’s for data pre-processing

 COMM ports link directly to array processors

¢ Virtual Instruments:
Arbitrary waveform generators (2-16 channels)
Programmable power supplies
Power-supply test cards

¢ Windows and LabVIEW® bridge software

For literature or technical assistance

800-233-2765

or contact your local DATEL Sales Office or Representative
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Part Number Index

Model Page
ADC-207LC.......cceunene. 2-3
ADC-207LM ... . 28
ADC-207LM-QL .......... 2-3
ADC-207MC....... . 2-3
ADC-207MM ...... . 2-3
ADC-207MM-QL ......... 2-3
ADC-228/883 ..............
ADC-228MC ...

ADC-228MM ..

ADC-304 ........cccoveumene
ADC-304-3 .......ccoeuneee
ADC-305-1 2-18
ADC-305-3 2-18
ADC-317 .... 2-23
ADC-B207/208............. 2-3
ADC-HX/883 ...... . 2-28
ADC-HX12BGC .......... 2-28
ADC-HX12BMC .......... 2-28
ADC-HX12BMM........... 2-28

ADC-HX12BMM-QL .... 2-28
ADC-HZ/883 ...............
ADC-HZ12BGC...........
ADC-HZ12BMC .

ADC-HZ12BMM-QL .... 2-28
ADS-112/883
ADS-112MC ...
ADS-112MM ...
ADS-117/883 ..
ADS-117MC ...
ADS-117MM.... .
ADS-118AMC............... 1-15
ADS-118AMM ............. 1-15
ADS-118MC ...
ADS-118MM ...
ADS-119/883
ADS-119GC

ADS-119GM ...
ADS-119MC ...
ADS-119MM ...

ADS-916GC ...
ADS-916GM
ADS-916MC
ADS-916MM ..
ADS-917GC ...
ADS-917GM
ADS-917MC
ADS-917MM ..
ADS-919GC ...
ADS-919GM...
ADS-919MC ...

ADS-919MM ..

ADS-926/883 . 1-63
ADS-926GC ... 1-63
ADS-926GM ... 1-63
ADS-926MC ... .. 1-63
ADS-926MM ............... 1-63
ADS-927/883 .............. 1-71
ADS-927GC ................ 1-71

Model

ADS-927GM...........co..
ADS-927MC ...
ADS-927MM ..
ADS-929/883 .
ADS-929GC ... .
ADS-929GM...............
ADS-929MC ................
ADS-929MM ..
ADS-930MC ...
ADS-930MM ..
ADS-931MC ...
ADS-931MM ..
ADS-932MC ...
ADS-932MM ..
ADS-937MC ...
ADS-937MM .. .
ADS-941MC ................
ADS-941ME ................
ADS-942AMC
ADS-942AME . .
ADS-942MC................
ADS-942ME ................
ADS-943MC ...
ADS-943MM ..
ADS-944/883 .
ADS-944MC ...
ADS-944MM ..
ADS-945 .....
ADS-945EX.....
ADS-946MC ...
ADS-946MM .. .
ADS-B118 ...
ADS-B119 ...
ADS-B916/917
ADS-B919/929 ...

ADS-B926/927 ............ 1-63/71
ADS-B931 ...... .. 1-95
ADS-B932 ... 1-103
ADS-B937 ... 1-111
ADS-B943 ... 1-135
ADS-B944 ... 1-143
ADS-B945 ... 1-151
ADS-B946 ................... 1-159
ADS-BCCD1201 ......... 1-167
ADS-BCCD1202 ......... 1-175

ADS-CCD1201MM...... 1-167
ADS-CCD1202MC ...... 1-175
ADS-CCD1202MM....... 1-175

ADS-EVAL1(112)........ 13
ADS-EVAL1(117)......... 1-9
ADS-EVALS........... 1-87
ADS-EVAL4(941) ........ 1-117

ADS-EVAL4(942) ........ 1-123
ADS-EVAL4(9424)....... 1-129
AM-1435MC .

Model Page
AM-500MM ...........c.... 7-7
AM-500MM-QL 7-7
AM-551MC ... 7-10
AM-551MM .. 7-10
CDS-1401MC.... 4-3
CDS-1401MM ............. 4-3
CDS-1402MC................ 4-11
CDS-1402MM .. 4-11
DAC-HF10/883 ... 6-3
DAC-HF10BMC .. 6-3

DAC-HF10BMM ..
DAC-HF12/883 ...
DAC-HF12BMC ...
DAC-HF12BMM ...
DAC-HF8/883 ..... 6-3
DAC-HF8BMC .
DAC-HF8BMM ............ 6-3
DAC-HK12BGC .......... 6-7
DAC-HK12BGC-2
DAC-HK12BMC
DAC-HK12BMC-2 .......
DAC-HK12BMM ..........
DAC-HK12BMM-2.......
DAC-HKB-2/883...........
DAC-HKB/883 ..
DAC-HP16BGC ..........
DAC-HP16BGC-1 .......
DAC-HP16BMC ..........
DAC-HP16BMC-1
DAC-HP16BMM ..........
DAC-HP16BMM-1 .......
DAC-HPB-1/883..........
DAC-HPB/883..............
DAC-HZ12BGC....
DAC-HZ12BMC ...
DAC-HZ12BMM ..
DAC-HZ12BMM-QL ....
DAC-HZ12DGC ..
DAC-HZ12DMC ..
DAC-HZ12DMM...........
DAC-HZ12DMM-QL ....
EVB-SHM12
EVB-SHM14................

FLJ-D2 ..
FLJ-D5 ..

FLJ-HR2BA1MC .
FLJ-HR2BA2MC .
FLJ-HR4HATMC .
FLJ-HR4HA2MC .
FLJ-HR4HB1MC .........
FLJ-HR4HB2MC .........
FLJ-HR4LAIMC..........
FLJ-HR4LA2MC ..
FLJ-HR4LBIMC..........
FLJ-HR4LB2MC...........
FLJ-R Series ...............
FLJ-UR Series ............

Model Page
FLJ-VB ..ooeriiiicecienes 9-2
FLJ-VH ... . 92
FLJ-VL ... . 92
FLT-U2 ... . 911
FLT-U2-M ... . 911
HADS-16/883............... 8-3
HDAS-16MC ............... 8-3
HDAS-16MM . 8-3
HDAS-524MC ... 8-10
HDAS-524MM ... 8-10
HDAS-528/883 .. 8-10
HDAS-528MC ... 8-10
HDAS-528MM ... 8-10
HDAS-75/883 . 8-15
HDAS-75MC .. 8-15
HDAS-75MM .. .. 815
HDAS-76/883............... 8-15
HDAS-76MC ............... 8-15
HDAS-76MM .. 8-15
HDAS-8/883 ... 8-3
HDAS-8MC ... 8-3
HDAS-8MM .... .. 83
HS-24/32/40 ... . 1-183
MSH-840MC .. 3-33

MSH-840MM ..

SHM-4860MC ........... 3-24
SHM-4860MM........... 304

SHM-49MC ...
SHM-49MM ...
SHM-945MC ..............
SHM-945MM................

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048-1194 (U.S.A.) Tel: 508-339-3000 Fax: 508-339-6356 * For immediate assistance 800-233-2765



J
|

|
4
i
\
i
|

Placing an Order

Placing an Order

When ordering a DATEL product, use the complete model
number (including any part-number suffixes indicating prod-
uct options) as well as a description of the product and its
options. You may enter orders by telephone, FAX or letter
directly with Company Headquarters (Mansfield, MA,
U.S.A.) or with any authorized DATEL field sales represen-
tative. Minimum order value and minimum per shipment
amount are both $100.

Outside the U.S.A. and Canada

Place overseas orders directly with a DATEL Sales Subsid-
iary Office (in Germany, France, the United Kingdom or Ja-
pan) or with an authorized DATEL sales representative. In-
ternational orders received directly at DATEL Headquarters
in the U.S.A. will be treated as if placed through the appro-
priate overseas sales representative. In countries without a
local DATEL sales representative, orders should be placed
directly with Company Headquarters and confirmed by air
mail.

Field Sales Representatives

DATEL has direct sales offices in the United States
(Mansfield, MA), Germany (Munich), France (Montigny Le
Bretonneux), England (Basingstoke) and Japan (Tokyo and
Osaka). We employ an extensive network of field sales rep-
resentatives throughout the U.S.A., Canada, Europe, the Far
East and other areas of the world. Only these sales represen-
tatives are authorized by DATEL to solicit sales, and any
information or data received from sources other than DATEL
or its authorized representatives is not considered binding.

Prices

All prices are F.O.B. Mansfield, MA, U.S.A. in U.S. dollars.
Applicable federal, state and local taxes are extra and paid
by the buyer. Prices are subject to change without notice.

Quotations

Price and delivery quotations made by DATEL or any of its
authorized representatives are valid for 30 days unless oth-
erwise stated.

Discounts

Quantity discounts are available when appropriate quanti-
ties of products are ordered in a single order. OEM discounts
are available on a per-order or contract basis. Consult Com-
pany Headquarters or your local representative for quota-
tions or additional details.

Terms

Net 30 days.

Acknowledgements and Delivery

DATEL acknowledges all orders, including delivery and bill-
ing information, upon receipt. We ship all products in rug-
ged commercial containers suitable for ensuring safe deliv-
ery under normal shipping conditions. Unless shipping speci-
fications accompany an order, we will use the best available
method. Shipping charges are normally prepaid by DATEL
and billed to the customer except for air-freight shipments
which are sent collect. When appropriate, product data sheets
and/or instructions are included with each shipment.

Order Cancellation

All orders placed with DATEL are binding and subject to
cancellation charges if cancelled either before or after the
scheduled shipping date. Refer to DATEL’s standard Terms
and Conditions for specific charges.

Warranty

DATEL warrants that all of its products are free from defects
in material or workmanship under normal use and service
for a period of one year from date of shipment. DATEL’s
obligations under this warranty are limited to replacing or
repairing, at our option, at our factory or facility, any of the
products which shall within the applicable period after ship-
ment be returned to us, transportation charges prepaid, and
which are, after examination, disclosed to the satisfaction of
DATEL to be thus defective. The warranty does not apply to
any products or equipment which have been repaired or al-
tered, except by DATEL, or which have been subjected to
misuse, negligence or accident. Under no circumstances shall
DATEL’s liability exceed the original purchase price. The
aforementioned provisions do not extend the original war-
ranty period of any product which has either been repaired
or replaced by DATEL.

Returns

Before returning any products, for any reason, you must re-
ceive a return material authorization (RMA) number and ship-
ping instructions from DATEL. Items should not be returned
via air freight collect as they will not be accepted. If you do
not return materials as directed above, considerable delay
will be added to processing the return.

Returns Outside the U.S.A. and Canada

Contact either DATEL Headquarters, a DATEL Sales Sub-
sidiary Office or your local DATEL sales representative for
authorization and shipping instructions before returning any
materials.

Certificates of Compliance

DATEL will supply a standard Certificate of Compliance
when requested to do so by a customer. Requests must be
specified on the original purchase order.
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